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Management  Consulting  &  Research,  Inc.  (MCR)  has  been  tasked 
by  tha  Office  of  the  Assistant  Secretary  of  Defense  for  Manpower 
Reserve  Affairs  and  Logistics,  OASD  (MRA&L),  under  contract 
MDA903-82-C-0400,  tot 

e  develop  and  Implement  a  methodology  for  projecting  the 
long-term  supply  of  manpower,  by  categories  of  apti¬ 
tude,  in  the  non-prior  service  youth  population; 

e  design  a  procedure  for  determining,  very  early  in  the 
acquisition  process,  manpower  demand  over  the  life 
cycle  of  an  individual  weapon  system; 

e  implement  and  validate  the  demand  projection  methodol¬ 
ogy  by  estimating  manpower  requirements  for  that  weapon 
system;  and 

e  recommend  ways  in  which  to  general ize  the  manpower 
demand  methodology  to  weapon  systems  in  all  four 
Services. 

Implementation  of  these  manpower  supply  and  demand  methodologies 
is  intended  to  provide  the  Department  of  Defense  with  a  means  of 
identifying  probable  weapon  system  manning  constraints  while 
systems  are  still  in  the  earliest  stages  of  their  acquisition 
planning. 

This  report  addresses  the  third  task  above  and  demonstrates 
the  feasibility  of  implementing  a  manpower  requirements  estima¬ 
tion  technique  very  early  in  the  acquisition  cycle.  The  methodol¬ 
ogy  previously  proposed  by  MCR1^  is  briefly  reviewed  in  this  report 
and,  using  data  available  in  the  early  to  mid-1970s,  is  applied 
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translated  into  requirements  for  general  categories  of  aptitude. 
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I .  INTRODUCTION 


Estimation  of  ths  manpower  requirements  for  weapon  systems 
that  are  in  the  early  stages  of  their  acquisition  process  is  very 
important  to  defense  planners.  There  are  several  reasons  for 
this.  First,  weapon  systems  are  becoming  increasingly  complex 
technologically.  Since  it  takes  a  number  of  years  to  train 
individuals  to  operate  and  maintain  complex  systems,  planning 
lead-time  is  needed  to  effectively  plan  for  the  impact  of  the  new 
weapon  system  on  the  force  and  fully  staff  the  operator  and  sup¬ 
port  pipelines.  Second,  the  supply  of  young  men  and  women  eligi¬ 
ble  to  enter  military  service  is  declining  and  will  continue  to 
do  so  until  the  mid-1990s.  Acquisition  managers  and  weapon  sys¬ 
tem  designers  must  be  sensitive  to  that  fact  and  recognise  the 
necessity  of  designing  weapon  systems  with  these  constraints  in 
mind.  Force  planners  and  recruiters  must  plan  to  address  the 
increasing  competition  for  a  scarce  resource  that  will  ensue. 
Finally,  personnel  costs  have  been  and  will  continue  to  be  the 
single  largest  portion  of  the  Department  of  Defen.se  budget.  We 
should  expect  those  costs  to  increase,  especially  in  light  of  the 
declining  supply  of  non-prior  service  youth.  Early  estimation  of 
manpower  requirements  for  a  weapon  system  may  ultimately  lead  to 
better  (l.e.,  more  maintainable)  designs  and  ensure  the  availa¬ 
bility  of  appropriate  numbers  of  skilled  operator  and  support 
personnel. 

Expected  constraints  in  manpower,  in  terms  of  potentially 
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available  numbers  (both  in  occupation  types  and  levels  of  exper¬ 
tise*  i.e.*  apprentices*  journeymen*  etc.)  have  led  to  much 
greater  emphasis  on  the  development  of  manpower  requirements 
estimates  early  in  the  development  of  a  weapon  system  design.  The 
availability  of  estimates  earlier  in  the  system  acquisition 
process  allows  for  the  reflection  of  particular  constraints  in 
the  design  dec is ion -making  process.  Trade-offs  can  be  more  effec¬ 
tively  made  at  the  Program  Office  level  among  manpower  require¬ 
ments  drivers  such  as  required  reliability  and  maintainability 
characteristics*  maintenance  philosophies  and  system  performance 
requirements.  At  the  policy  level*  trade-offs  can  be  made  among 
the  mix  of  weapon  systems  in  the  force*  deployment  schedules* 
quantities  of  systems  acquired  and  organizational  unit  doctrine. 

In  addition,  such  issues  as  recruiting  goals*  retention  goals 
and  enlistment  and  reenlistment  incentives  can  be  more  effec¬ 
tively  addressed  with  earlier  information  on  weapon  system  man¬ 
power  requirements. 

In  an  effort  to  structure  the  weapon  system  resource 
requirements  estimating  process*  OASD  (MRA&L)  has  issued  a 
military  standard  entitled  Logistics  Support  Analysis  (LSA) 

( mil-std-1388- 1a ) .  This  standard  delineates  the  various  elements 
of  LSA  to  be  conducted  in  the  weapon  system  acquisition  process* 
including  manpower*  personnel  and  training  (MPT)  requirements 
analysis.  Detailed  direction  on  the  level  of  detail  and  data  to 
be  developed  and  maintained  in  the  program  documentation  is 
given.  The  analyses  are  also  described  in  light  of  the  acquisi¬ 
tion  phase  in  which  they  can  be  conducted*  however*  the  actual 
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phase  in  which  analysis  is  initiated  is  left  to  the  decision  of 
the  individual  Services.  In  several  cases,  particularly  the  MPT 
analysis,  it  is  highly  desirable  to  make  preliminary  requirements 
estimates  earlier  than  suggested  in  order  to  maximize  planning 
opportunities.  In  addition  to  making  earlier  MPT  estimates  it  is 
also  desirable  to  analyze  the  impact  of  different  operating 
tempos,  namely  the  differences  between  peacetime  readiness 
requirements  and  wartime  operational  requirements.  The  military 
standard  addresses  in  detail  the  kinds  of  wartime  and  peacetime 
requirements  estimates  that  should  be  developed. 

A.  BACKGROUND 

Management  Consulting  6  Research,  Inc.  (MCR )  has  been  tasked 
by  the  Office  of  the  Assistant  Secretary  of  Defense  for  Manpower, 
Reserve  Affairs  and  Logistics,  OASD  (MRA&L),  to  develop  a  method¬ 
ology  for  projecting  weapon  system^specif ic  manpower  requirements 
in  the  Concept  Exploration  Phase  of  a  weapon  system  acquisition. 
The  purpose  of  this  study  is  to  determine! 

e  if  weapon  system  manpower  requirements  estimates  can  be 
developed  earlier  than  the  Services  generally  develop 
them; 

e  how  much  earlier  they  can  be  developed; 

e  what  kind  of  data  is  minimally  required  to  develop  the 

estimates ; 

e  whether  existing  Service  documentation  is  sufficient 
for  generating  an  earlier  estimate; 

e  whether  life  cycle  manpower  estimates  can  be  developed; 
and 

e  what  level  of  detail  is  sufficient  to  generate  a  use- 
able  estimate,  reasonably  indicative  of  future  needs. 
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MCR  has  developed  a  structured  analytical  approach  for 
performing  weapon  system  manpower  requirements  estimating.  It  is 
designed  to  facilitate  estimating  when  there  is  little  detailed 


information  on  system  characteristics  and  such  other  data  as 
planned  usage  rates  and  reliability  and  maintainability  rates  are 
tentative.  It  is  compatible  with  MIL-STD-1388-1A  in  that  it  is 
based  on  the  use  of  comparability  analysis ,  comparing  the  planned 
hardware,  operational  and  maintenance  characteristics  of  the  new 
system  to  existing  systems. 

Development  of  this  estimating  methodology  is  part  of  an 
overall  study  to  develop  and  demonstrate  methodologies  for  esti¬ 
mating  the  long-term  supply  and  demand  for  enlisted  military  man¬ 
power,  presented  in  terms  of  selected  aptitude  categories.  Four 
tasks  are  involved  in  this  study  * 

e  develop  and  Implement  a  methodology  for  projecting  the 
long-term  supply  of  manpower,  by  categories  of  apti¬ 
tude,  in  the  non-prior  service  youth  population; 

e  design  a  procedure  for  determining,  very  early  in  the 
acquisition  process,  manpower  demand  over  the  life 
cycle  of  an  individual  weapon  system; 

e  Implement  and  validate  the  demand  projection  methodol¬ 
ogy  by  estimating  manpower  requirements  for  that  weapon 
system;  and 

e  recommend  ways  in  which  to  generalize  the  manpower  de¬ 
mand  methodology  to  weapon  systems  in  all  four 
Services. 

The  Barly-on  Manpower  Requirements  Estimation  Methodology  (EMREM) 
was  developed  in  response  to  the  second  task.  This  methodology  is 
designed  tot 

e  focus  on  enlisted  military  personnel  involved  in  the 
operation  and  support  of  a  weapon  system, 
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•  consider  changes  in  manpower  requirements  that  can 

occur  during  the  operational  life  of  a  weapon  system,  and 

e  use  readily  available  data. 

In  addition  to  recognizing  MIL-STD-1388-1A  analytical  re¬ 
quirements,  this  manpower  requirements  estimation  methodology  is 
also  designed  to  be  compatible  with  NCR's  proposed  manpower  sup¬ 
ply  projection  methodology.^  For  this  reason,  manpower  require¬ 
ments  described  in  this  report  are .also  presented  in  terms  of 
aptitudes,  as  defined  by  the  Aptitude  Cluster  definitions  devel¬ 
oped  in  the  first  task.  Aptitude  Clusters  are  general  groupings 
of  similar  skills  and  capabilities  needed  to  qualify  for  jobs  in 
the  military.  A  brief  review  of  the  definition  of  these  Aptitude 
Clusters  is  included  as  an  appendix  to  this  report. 

As  noted  above,  NCR  has  also  been  tasked  to  demonstrate  and 
validate  EMREM  on  an  actual  weapon  system,  the  Ml  Abrams  Main 
Battle  Tank.  The  Ml  was  chosen  because  it  permits  an  immediate 
test  of  the  methodology  since  it  is  an  already  fielded  system  and 
actual  manpower  data  are  available  for  that  system. 

This  report  documents  MCR's  application  of  EMREM  on  the  Ml 
Abrams  Main  Battle  Tank  system.  In  applying  the  methodology,  we 
have  attempted  to  use  only  data  that  were  available  in  the  early 
stages  of  the  Ml  acquisition.  A  true  test  of  the  methodology 
would  have  been  achieved  if  all  the  data  used  were  from  before 
November  1972,  the  end  of  the  Ml  Concept  Exploration  Phase. 


1/  TR-8217-2,  Aptitude  Content  of  the  Non"Pglo*[_Sorvlce  Youth 
and  Enlisted  Apprentice  Populations  I  i982-2dl0,  Management 
Consulting  a  Research,  Inc.,  Palls  Church,  Virginia, 

30  September  1983. 
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However,  because  the  complete  historical  file  on  the  Ml  is  un¬ 


available*  certain  concessions  were  made  in  this  demonstration  of 


BMREM.  The  result  is  a  demonstration  of  the  methodology  as  it 


could  have  been  performed  later  in  the  Ml  acquisition  cycle. 


However*  we  believe  that*  if  the  historical  record  were  intact*  a 


"Concept  Exploration  Phase  estimate "  of  the  Ml  manpower  require¬ 


ments  could  have  been  made  using  EMREM. 


B.  ORGANIZATION  OP  THIS  REPORT 


Section  II  of  this  report  provides  a  brief  overview  of  the 


EMREM  methodology  that  NCR  has  proposed.  A  more  detailed  descrip¬ 


tion  of  the  methodology  and  considerations  relating  to  its  use 


are  contained  in  the  MCR  report  documenting  the  first  task  of 


this  study. The  structure  of  EMREM  is  reviewed*  availability  of 


data  for  general  application  of  the  methodology  is  discussed*  and 
the  problems  associated  with  the  unavailability  of  data  for  the 


current  application  are  also  considered  in  Section  II. 


We  begin  the  application  of  EMREM  to  the  Ml  in  Section  III 


by  reviewing  the  development  of  the  mission  need  statement  that 


led  to  the  Ml.  In  that  section*  we  develop  a  hardware  character¬ 


ization  for  the  weapon  system  that  eventually  became  the  Army's 


Ml  Main  Battle  Tank.  Included  in  that  hardware  characterisation 


is  identification  of  the  predecessors  of  the  Ml  whose  components 


could  be  used  in  building  a  manpower  estimate  for  the  Ml, 


1/  TR-8217-1,  Estimation  of  Manpower  Requirements  for  Weapon  Systems 
in  the  Concept  Exploration  bnase,  Manaaement  Consult i no  &  Research, 
~~c:7TaTrs"Chu?cK;  Virginia*  15  April  1983. 
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Section  IV  contains  the  EMREM  estimate  of  operator  and  sup¬ 
port  manpower  required  for  the  Ml  system.  Also  included  there  is 
a  development  of  the  estimate,  documentation  of  the  sources  of 
data  used,  and  a  comparison  of  the  EMREM  estimate  to  th^  Army's 
experience  since  fielding  the  Ml  as  an  operational  system. 

Overall  conclusions  regarding  this  demonstration  of  EMREM  are 
presented  in  Section  V. 

Following  these  sections  is  a  set  of  appendices  which  pro¬ 
vide  additional  technical  information  and  document  the  references 
used  in  this  analysis. 
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II .  AN  OVERVIEW  07  THE  EARLY -ON  MANPOWER 
REQUIREMENTS  ESTIMATION  METHODOLOGY 


This  ■•ction  describes  the  basic  structura  off  MCR's  proposal 
for  a  DoD  Early-on  Manpower  Requirements  Estimation  Methodology 
( BMREM ) .  This  discussion  ooneentrates  on  the  structure  of  the 
methodology.  Particular  attributes  off  the  model,  especially  its 
underlying  assumptions  and  the  sources  of  uncertainty  involved  in 
its  estimates,  are  discussed  throughout  the  remainder  of  this 

report  in  the  context  of  the  model  application. 

% 

Before  describing  the  basic  structure  of  the  methodology,  it 
is  useful  to  briefly  review  the  intahded  purpose  of  the  methodol¬ 
ogy.  As  noted  earlier,  DoD  policy  states  that  weapon  system  man¬ 
power  estimating  must  be  conducted  throughout  the  design  process, 

* 

progressing  from  preliminary  estimates  to  more  detailed  require¬ 
ments  and  workload  analysis.  These  estimates  must  relate  the 
manpower  that  will  be  needed  to  operate  and  support  a  system 
throughout  its  operational  life  to  design  characteristics  and 
operational  requirements.  The  basic  approach  of  using  compara¬ 
bility  analysis  reflects  the  assumption  that  new  systems  reflect 
the  experience  gained  from  existing  systems.  An  early  weapon 
syetem  manpower  requirements  estimating  methodology,  compatible 
with  required  logistic  support  analyses  should! 

•  comprehensively  incorporate  consideration  of  the  hard¬ 
ware,  organisational  unit,  and  operational  and  mainten¬ 
ance  characteristics  of  both  the  new  system  and  any 
related  baseline  system? 

m  identify  differences  among  the  system  characteristics 
of  the  new  and  baseline  systems? 
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•  util Isa  data  which  ara  normally  ganarated  and  access!- 
tola  in  tha  weapon  system  design  process; 

a  apply  across  Servicss  and  to  a  broad  spectrum  of  weapon 
systems;  and 

•  reflect  the  potential  for  changes  in  system  manpower 
requirements  during  the  operational  life  of  the  system 
due  to  Changes  in  support  requirements. 

MCR's  proposed,  methodology  has  been  constructed  to  address 

these  concerns.  It  is  based  on  the  premise  that  there  may  be  a 

need  to  go  beyond  the  typical  data  analyses  generally  performed 

by  the  Services  in  developing  initial  weapon  system  manpower 

estimates . 

Exhibit  Xl-1  depicts  the  earliest  approximate  point  in  the 
weapon  system  acquisition  process  at  which  the  methodology  can  be 
used.  As  indicated,  the  methodology  is  designed  to  be  used  only 
after  the  mission  need  statement  is  approved,  since  information 
developed  in  that  statement  is  necessary  for  the  implementation 
of  the  methodology. 

A.  STRUCTURE  OF  THE  METHODOLOGY 

The  structure  of  the  proposed  manpower  demand  projection 
methodology  is  illustrated  in  Exhibit  IX-2.  There  are  two  major 
parts  to  the  methodology,  comprising  a  sequence  of  six  analytical 

steps.  These  aret 

Part  1.  Hardware  Characterisation 

a.  Identify  Baseline  Weapon  System 

b.  Determine  Baseline  Weapon  System 
Cl:  fcracteristics  Changes 

c.  Develop  Mew  Weapon  System  Description 
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Mia a Ion  Kaad  S tat ament 


FART  1.  HARDWARE  CHARACTERIZATION 


Identify  Baseline  Weapon  System 


Determine  Baseline  Weapon  System 
Characteristics  Changes 


Develop  Mew  Weapon 
System  Description 


FART  2.  MANPOWER  REQUIREMENTS  ESTIMATION 


Exhibit  II-2.  SUMMARY  OF  THE  EARLY-ON 
MANPOWER  REQUIREMENTS  ESTIMATION  METHODOLOGY  ( EMREM ) 
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Part  2.  Manpower  Requirement*  Estimation 

a.  Identify  and  Collect  Data  on  Manpower  and  Planned 
System  Applications 

to.  Develop  Manpower  Estimates  for  Mew  Weapon  System 
c.  Translate  Requirements  Into  Aptitude  Clusters 

A  brief  description  of  the  methodology  is  provided  below. 

1.  Hardware  Characterisation 

The  first  part  of  the  MCR  methodology  focuses  on  the 
identification  of  the  hardware  characteristics  of  the  "new" 
system.  By  "new."  we  mean  a  weapon  system  concept  that  is  toeing 
considered  for  acquisition  and  is  the  focus  of  the  new  design 
effort.  The  system  may  toa  required  to  face  a  completely  hew 
threat,  to  replace  an  existing  system  or  systems,  or  to  exploit 
emerging  technology.  The  need  for  this  system  is  presented  in 
its  mission  need  statement.  The  Justification  for  Major  System 
New  Start  (JMSNS)  is  the  document  used  to  present  the  explanation 
of  the  new  mission  need.  As  indicated  in  Exhibit  XI-1,  the  JMSNS 
or  some  other  statement  of  mission  need  is  necessary  to  initiate 
application  of  EM RUM.  Acceptance  of  this  statement  initiates  the 
Concept  Exploration  Phase  of  the  weapon  system  acquisition  process. 

As  the  first  specifically  systSm- related  document  in 
the  program,  this  statement  plays  a  critical  role  in  tho  analysis 
of  the  new  system's  hardware  characteristics.  While  not  neces¬ 
sarily  containing  particular  hardware  specifications,  it  does 
contain  a  discussion  of  tho  nature  of  the  need.  With  this  infor¬ 
mation,  the  basic  type  of  system  can  toe  characterised  through  a 
three-step  process i 
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one,  identify  the  baseline  weapon  eystem  or  systems; 


•  two,  determine  the  baseline  weapon  system  characteris¬ 
tics  that  may  change  relative  to  new  requirements  iden¬ 
tified  in  the  mission  need  statement;  and 

•  three,  develop  the  new  system  description.. 

Bach  of  these  is  discussed  below. 

a.  Identify'  the  Baseline  Weapon  System 

The  suitability  of  existing  systems  to  meet  the 
mission  requirement  is  considered  in  the  mission  need  analysis. 

The  baseline  systenr^  is  that  system  (or  systems)  already  in  the 
force  structure  which  most  closely  relates  to  the  design,  opera¬ 
tional  and  support  characteristics  of  the  new  system.  That  system 
is,  in  effect,  the  baseline  from  whloh  new  designs  or  concepts 
are  evaluated . 

The  purpose  of  the  baseline  system  is  to  establish 
a  starting  point  for  considering  hardware  characteristics  and 
manpower  data  that  may  be  extrapolated  to  the  new  system.  In 
determining  the  baseline  system,  the  objective  is  to  achieve  the 
most  detailed  description  of  performance  parameters  and  hardware 
characteristics  that  can  be  developed  from  the  mission  need 
statement.  This  allows  greater  confidence  in  using  the  baseline 
system  manpower  requirements  as  an  analog  in  establishing  the  new 
system  manpower  estimates. 


4/  The  reference  to  a  single  baseline  system  is  mads  only  to  simpli¬ 
fy  the  discussion.  In  actual  practice,  the  "baseline"  may  be 
constructed  using  portions  of  sevsral  systems,  representing 
specific  capabilities  required  of  the  new  system.  This  applica¬ 
tion  of  EMREM  to  the  Ml  provides  an  explicit  example  of  such  a 
situation. 


b.  Determine1  tha  Baaalina  Weapon  System  Character¬ 
istic!  Change* 

Having  identified  tha  baaalina  system,  which 
aarvaa  aa  tha  principal  aourca  of  historical  hardware  and  manpower 
data,  it  ia  important  to  iaolata  tha  alamanta  of  tha  baaalina 
ayatam  that  ara  aharad  with  tha  naw  ayatam.  Thia  ia  not  an  aaay 
task;  howavar,  it  ia  important  to  oonatruot  an  initial  foundation 
upon  Which  to  build.  Tha  baaio  approach  taken  in  analysing  poten¬ 
tial  diffaranoaa  between  tha  naw  and  axiating  ayatama  ia  to 
identify  thoaa  hardware  faaturaa  of  the  baaalina  ayatam  that  ara 
inconaiatant  with  tha  poatulatad  miaaion  need. 

In  order  to  facilitate  thia  analyaia,  it  may  be 
useful  to  prioritise  tha  baaalina  ayatama  or  aubayatema,  if  there 
ara  two  or  more.  Thia  may  naoaaaitata  identifying  other  " in- 
serviee"  ayatama  or  aubayatema  that  ahara  some  functional  or 
hardware  commonality  with  tha  naw  ayatam  but  ara  not  part  of  the 
baaalina.  That  will  allow  a  weighting  of  information  drawn  from 
aavaral  source  ayatama  should  they  axiat.  In  any  aase,  judgement 
must  \>e  used  in  maintaining  this  analysis  at  the  appropriate 
level  of  detail. 

o.  Develop  Naw  Weapon  System  Description 

Having  idantifiad  those  charactariatics  of  tha 
baaalina. system  that  can  be  conaidarad  functionally  similar  to 
(or  Wholly  in  common  with)  tha  naw  ayatam,'  tha  next  step  ia  *o 
complete  tha  hardware  characteristics  definition  of  tha  naw 
ayatam.  This  will  involve  completing  tha  list  of  naw  system  sub¬ 
systems  and  identifying  aubsyatam  functions  that  appear  to 
require  naw  or  modified  hardware. 
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An  additional  condition  may  exist  whereby  a  new 
system  requirement  may  have  no  functional  relationship  with  any 
existing  system  or  subsystem.  These  requirements  must  be  classi¬ 
fied  as  developmental,  in  that  no  baseline  or  in-service  system 
data  is  available  for  any  functional  hardware.  In  these  in¬ 
stances,  a  proxy  for  the  system  characteristic  would  be  selected 
based  on  the  perceived  similarity  of  manpower  requirements.  In 
all  oases,  the  historical  data' ultimately  used  may  require  tail¬ 
oring  to  "fit"  the  new  system.  Information  concerning  the  defini¬ 
tion  of  the  new  system  hardware  characteristics  and  the  relation¬ 
ship  of  these  to  in-service  and  developmental  subsystems  usually 
comes  from  system  designers  or  other  specialists. 

The  ultimate  product  of  the  first  part  of  the 
BN REM  methodology,  the  Hardware  Characterisation,  is  a  descrip¬ 
tion  of  the  new  system.  This  description  is  provided  as  a  list  of 
the  set  of  subsystems  contained  in  the  system,  associated  with  a 
general  description  of  the  performance  parameters  and  operational 
requirements  contained  in  the  mission  need  statement.  In  addi¬ 
tion  to  subsystems,  this  list  should  also  include  design  elements 
which  aould  impact  manpower  requirements  for  the  new  system. 
Examples  of  these  elements  are  system  software,  special  test  or 
diagnostic  equipment  or  special  ground  support  equipment.  These 
elements  may  impact  maintenance  manpower  requirements  just  as 
baseline- to- new  subsystem  characteristics  may  impact  manpower 
requirements . 

The  list  of  hardware  characteristics  developed  in 
this  part  of  the  EMREM  methodology  acts  as  the  guide  for  develo¬ 
ping  the  manpower  estimates  in  the  next  part  of  the  analysis. 


Manpower  Raquiramants  Estimation 


Tha  analysis  as  davalopad  thus  far  lays  tha  groundwork 
for  davaloping  an  initial  astimata  of  waapon  systam  manpowar 
raquiramants .  This  astimata  involvas  datarmining  tha  total  num- 
bar  of  anlistsd  oparators#  or  craw,  and  anlistad  maintananca 

•4 

parsonnal  raquirad  by  tha  systam*  It  is  prasantad  in  tha  con- 
taxt  of  tha  organizational  unit  in  whioh  tha  systam  will  ba 


daployad. 


Tha  manpowar  astimata  is  davalopad  in  tha  follow¬ 


ing  thraa  stapss 

a  Idantify  and  aollaat  data  on  historical  manpowar  ra¬ 
quiramants  for  tha  basalina  systam  and  othar  ralavant 
systams.  Also  davalop  an  uridarstanding  of  tha  plannad 
applications  of  tha  proposad  naw  systam. 

•  Davalop  an  astimata  of  tha  manpowar  raquiramants  asso- 
ciatad  with  tha  oparational  lifa  of  tha  waapon  systam. 

a  Trans lata  tha  naw  waapon  systam  manpowar  astimatas  into 
aptituda  clustars*  Thasa  olustars  ara  intandad  to  rap- 
rasant  tha  apaoific  raquiramants  projactad  for  tha  naw 
systam  in  tarms  that  ralata  to  tha  typas  of  aptitudas 
raquirad  parsonnal  must  hava. 

Tha  staps  involvad  in  davaloping  tha  astimatas  of 
manpowar  raquiramants  ara  discussad  balow. 


Idantify  and  Collact  Data  on  Manpowar  and 


ons 


In  ordar  to  davalop  aarly-on  astimatas  of  manpowar 
raquiramants i  a  variaty  of  data,  in  addition  to  that  alraady  man- 
tionad,  must  ba  idantifiad.  Information  on  tha  plannad  opara¬ 
tional  anvironmant,  tha  ganaral  atructura  of  tha  organizational 
unit,  tha  numbar  of  systams  to  ba  assignad  to  organizational 
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units,  maintainability  and  rapairability  goals,  and  actual  man¬ 
power  data  must  ba  coll acted.  The  methodology  relies  on  the  use 
of  historical  manpower  data,  particularly  for  estimating  mainte¬ 
nance  manpower  requirements . 

b.  Develop  Manpower  Estimates  for  the  New  Weapon 

System 

The  hardware  characteristics  developed  for  the  new 
weapon  system  form  the  basis  for  developing  estimates  of  manpower 
requirements  for  that  system.  As  explained  in  the  discussion  of 
the  hardware  characterisation,  the  list  of  subsystems  developed 
for  the  new  system  is  related  to  a  baseline  system.  Subsystem 
functions  common  to  both  are  identified  after  comparing  the 
functional  requirements  of  the  new  system  to  the  baseline.  Those 
subsystems  not  found  to  be  similar  to  baseline  subsystems  are 
compared  to  other  in-service  systems.  The  purpose  of  this 
analysis  is  to  identify  historical  manpower  data  that  can  be  used 
as  the  basis  for  developing  subsystem  manpower  "modules"  for  the 
new  system  in  the  same  way  that  hardware  characteristic  groups 
are  developed  in  the  first  part  of  the  methodology.  There  may, 
of  course,  be  elements  of  the  new  system  that  have  no  direct 
analog  in  already  operational  equipment.  A  proxy  for  those 
functions  will  be  identified  from  the  set  of  subsystems  actually 
in  the  force  structure  in  order  to  allow  the  maximum  use  of 
historical  manpower  data.  Otherwise  an  original  estimate  of  the 
manpower  for  these  functions  must  be  developed. 

The  maintenance  manpower  requirements  experience 
associated  with  those  subsystems  common  to  both  the  baseline 
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and  new  weapon  ayatama  ia  diaearnad  by  axamining  the  historical 
(actual)  data  on  tha  baaalina  system.  For  those  in-service 
subsyatama,  a  similar  approach  ia  used.  Attributable  manpower 
requirements  can  be  obtained  by  extrapolating  from  other  weapon 
ayatama  the  maintenance  experience  peculiar  to  the  new  features . 

c.  Translate  Requirements  into  Aptitude  Clusters 
Having  developed  the  set  of  new  weapon  system 
operational  life  manpower  estimates,  the  final  step  in  the  EM REM 
process  is  the  translation  of  those  estimates  from  Service  occu¬ 
pations  to  aptitude  cluster  requirements.  .The  purpose  of  this 
step  is  to  present  the  requirements  in  terms  compatible  with 
MCR's  proposed  supply  projection  methodology.  Tha  Aptitude 
Clusters  represent  the  aggregation  of  the  aptitude  composites  for 
the  four  Services  into  a  single  set  of  seven  groupings.  These 
components  represent  the  capabilties  the  Services  have  determined 
to  be  most  closely  associated  with  their  particular  occupations. 

The  definitions  of  these  Aptitude  Clusters  are  summarized  in  an 
appendix  in  this  report. 

B.  APPLICATION  CONSIDERATIONS  AND  ANALYSIS  OF  DATA  AVAILABILITY 
As  mentioned  above,  the  Army's  Ml  Main  Battle  Tank  is  the 
focus  of  this  initial  test  and  validation  of  applicability  of 
EMREM.  The  Ml  was  chosen  for  this  application  for  two  reasons. 
First,  it  is  a  recently  fielded  system  and  so  actual  manning  data 
against  Which  to  compare  EMREM  estimates  should  exist.  Second, 
because  it  is  a  relatively  new  system  in  a  continuing  tank  devel¬ 
opment  program,  it  was  felt  that  sufficient  data  would  be  available 
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to  support  the  EMREM  test  and  validation.  The  second  assumption/ 
however#  proved  to  be  troublesome.  The  historical  file  of  data 
needed  to  provide  a  test  of  EMREM#  using  only  data  that  pre-dates 
the  Ml's  DSARC  Milestone  1“^  decision#  was  incomplete  in  several 
cases.  The  reasons  for  this  are  explained  below.  However#  the 
principal  aim  of  this  task  was  an  early  test  of  EMREM#  and  the  Ml 
has  served  as  a  useful  testbed.  If  a  preDSARC  I  system  had  been 
chosen#  it  would  be  several  years  before  we  could  determine  of 
the  accuracy  of  the  EMREM  estimate. 

In  this  subsection#  we  identify  and  describe  the  types  of 
manpower  documents  collected  for  this  demonstration  and  valida¬ 
tion  of  the  EMREM  on  the  Ml  tank.  After  discussing  the  purported 
contents  of  the  various  documents#  we  highlight  a  pattern  among 
the  data  Which  has  complicated  our  analysis.  As  we  shall  see# 
only  same  of  the  acquired  data  were  appropriate  for  this 
analysis#  and  other  sources  that  would  have  been  appropriate#  and 
are  known  to  have  been  prepared#  were  unobtainable. 

The  availability  of  data  for  this  application  is  discussed 
at  this  point  in  the  report  because  we  believe  there  may  be  in¬ 
herent  problems  associated  with  reconstructing  historical  data. 
Application  of  EMREM  on  a  weapon  system  currently  in  concept 
exploration  would  not  confront  these  problems  since  appropriate 
data  for  actual  or  analog  systems  could  be  developed  for  the 
analysis  at  the  time.  In  normal  applications#  the  analysis  of  the 
availability  and  appropriateness  of  manpower  data  would  occur 

5/  The  Defense  System  Acquisition  Review  Council  (DSARC)  Milestone  I 
is  the  point  in  the  weapon  system  acquisition  cycle  at  which  a 
decision  is  made  to  proceed  from  concept  exploration  to  system 
demonstration  and  validation. 
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after  the  characterisation  of  tha  hardware,  as  part  of  the 
davalopmant  of  tha  manpowar  aatiinatas. 

Exhibit  II -3  summarises  tha  documants  and  dooumant  typas 
that  ara  praparad  for  Army  waapon  systsms.  Savaral  of  thasa  docu 
manta  ara  fairly  raaant  additions  to  the  Army  manpowar  require¬ 
ments  dooumant  roster.  Tha  documents  have  bean  divided  in  three 
categories « 

a  regularly  generated  or  standard  documents, 

a  programmatic  document*/  and 
a  special  studies . 

Tha  distinguishing  criterion  among  thasa  three  document  typas  is 

« 

tha  consistency  or  uniformity  of  tha  data  contained  in  the 
reports  categorised. 

As  used  hers,  tha  term  "standard  documents"  refers  to  those 
documants  praparad  on  a  regimented  basis  for  Army  waapon  systems. 
They  have  contents  that  ara  of  a  substantially  uniform  nature 
across  waapon  systams.  It  is  this  group  of  documents  which  tha 
EMREM  is  proposed  to  most  heavily  utilise.  Thera  ara  four  stan¬ 
dard  Army  documents  cons id sr ad  to  be  potential  sources  of  data 
for  tha  EMREM i 

a  ‘  tha  Qualitative  and  Quantitative  Personnel  Requirements 
Information  (QQFRI ) , 

a  Manpower  Authorisation  Standards  and  Criteria  (MACRIT), 
e  Tables  of  Authorisation  and  Equipment  (TOE),  and 
e  Army  Modernisation  Information  Memorandum  ( AMIM) . 
Programmatic  documents  are  those  documents  that  are  typi¬ 
cally  prepared  for  Army  weapon  systems,  but  have  contents  that 


need  not  be  uniform  across  w sap on  systsms  or  svsn  across  repeated 
preparations  for  tha  same  weapon  system.  Often  their  contents 
reflect  specially  tailored  data  collection  efforts  as  opposed  to 
a  standard  data  collection.  Three  types  of  reports  are  developed 
that  fall  into  this  category t 

•  Sample  Data  Collections  (SDC), 

•  Developmental  test  (DT)  reports,  and 

e  Operational  test  ( OT )  reports. 

The  final  aategory,  special  studies,  includes  documents  pre¬ 
pared  on  an  ad  hoc  basis,  often  without  any  sort  of  specified 
guidelines.  Typioally,  information  from  this  category  will  sup¬ 
ply  tertiary  support  to  BMRBM  applications.  Examples  of  these 
special  studies  are  task  force  reports  or  special  cost  analyses. 

Tl}e  extent  to  which  any  type  of  data  influences  the  EM  REM 

>t 

estimates  depends  largely  on  the  data  availability  profile.  For 
the  Ml  application,  for  example,  regularly  generated  documents 
and  special  studies  play  the  largest  roles.  But,  for  future 
applications  of  EM REM  to  Army  weapon  systems,  particularly  those 
in  the  Concept  Exploration  Phase,  it  is  plausible  that  program¬ 
matic  documents  such  as  the  Sample  Data  Collection  (SDC)  reports 
(discussed  below)  would  play  a  major  role. 

In  the  following  discussion,  we  briefly  describe  the  con¬ 
tents  of  the  various  documents  referenced  in  Exhibit  II -3.  In 
reviewing  this  information,  it  is  useful  to  recall  how  these' 
documents  are  used  in  the  EMREM  analysis.  Specifically,  the 
documents  provide  a  set  of  manpower  requirements  data  for  systsms 
that  are  used  as  analogs  for  the  proposed  acquisition. 
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(MACRIT)  studies  are  developed  for  aaoh  aubsystsm  of  a  weapon 
system  after  tha  system  has  been  fielded.  These  studies ,  sum¬ 
marised  in  regularly  published  tables ,  oontain  DPAMMH  predictions 
by  M08  for  maintenanoe  and  support  funotions  at  ORQ,  DS,  and  OS 
levels.  However,  Whereas  the  QQPRI  documents  are  generated  once, 
a  MACRIT' s  oontents  are  reviewed  every  three  years  and  are 
revised  with  the  same  frequency,  if  appropriate.  MACRlTs  can  be 
thought  of  as  inoluding  not  only  the  manpower  requirements  cap¬ 
tured  by  the  QQPRI,  but  also  the  indireot  workload  associated  with 
personnel  working  on  a  weapon  system. 

It  should  be  noted  that  MACRIT  requirements  are 
intended  to  reflect  the  military  manpower  requirements  imposed  by 
a  weapon  system  in  a  wartime  environment.  During  peacetime,  dif¬ 
ferent  tasks,  operating  tempos,  and  workweeks  typically  prevail. 
Similarly  the  mix  of  preventive  vis-a-vis  corrective  maintenance 
tasks  is  different.  In  a  wartime  environment,  maintenance 
requirements  would  be  affected  by  deferral  of  scheduled  (preven¬ 
tive)  maintenance,  increased  failures  due  to  higher  operating 
tempos,  battle  damage  repairs  and  longer  workweeks.  Moreover, 
many  maintenance  functions,  which  would  be  conducted  by  Reserve 
component  taatical  logistics  support  units  in  wartime  are  per¬ 
formed  by  civilians  at  fixed-site  base-level  maintenance  activi¬ 
ties  in  peacetime.  This  must  be  considered  when  attempting  to 
set  peacetime  requirements  for  active  duty  military  personnel. 

c.  Table  of  Organisation  and  Equipment 

The  Table  of  Orqanisation  and  Equipment  (TOE)  contains 


personnel  requirements  for  the  organisational  unit  into  which  the 
weapon  system  is  deployed.  The  pereonnel  are  listed  by  MOS, 
skill  levsl  and  grads,  and  also  by  gensrio  job  title.  However, 
they  are  not  direotly  related  to  specific  systems.  TOB  figures 
are  given  for  three  strength  levels,  where  Level  1  refers  to  the 
most  intensive  use^of  full-time  military  personnel— a  pattern  of 
usage  that  would  prevail  during  wartime.  TOEs  are  generated  once 
for  an  organisational  unit,  providing  there  are  no  major  ahanges 
in  materiel  components  deployed  into  the  organisational  unit. 

They  are  reviewed  every  three  years.  Initial*  estimates  of  the 
personnel  impacts  of  introducing  a  new  system  into  a  TOB  unit  are 
based  on  the  QQFRI,  augmented  to  Include  other  requirements 
driven  by  the  system's  presence  in  the  unit. 

d.  Army  Modernisation  Information  Memorandum 


I 

I 

I 

1 

I 

I 

I 

I 

I 


The  Army  Modernisation  Information  Memorandum 
(AMIty)  contains  maintenance  manpower  requirements  specified  in 
the  same  manner  as  the  QQFRI  (i.e.,  by  MOS,  at  the  0R0,  DS  and  OS 
levels).  AMIMs  are  generated  annually  and  are  influenced  by  man¬ 
power  data  drawn  from  the  field  experience  of  the  weapon  system, 
whioh  makes  them  somewhat  more  credible  indicators  of  manpower 
requirements  than  the  QQFRI,  at  least  in  theory.  While  these 
documents  have,  until  now,  been  the  major  documentation  avail¬ 
able,  the  Army  has  several  efforts  currently  underway  to  develop 
earlier  manpower  estimates  and  improved  data  on  maintenance  and 
manpower  requirements  for  s/ltems.  Examples  of  these  are  the 
Army's  investigation  of  a  HARDMAN-like  approach  for  developing 
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weapon  system  manpower  estimates,  Early  Comparability  Analysis 
(ECA)  of  oritioal  tasks,  the  revised  Manpower  Authorization 
Requirements  Criteria  (MARC)  system,  replacing  MACRIT »  and  the 

Man  integrated  syatama  Technology  (mist)  efforta. 

« 

2*  Programmatic  Documents 

Another  group  of  documents  correspond  to  programmatic 
data  collection  efforts*  The  three  types  of  reports  discussed 
below  are  all  generally  developed  for  new  systems)  however,  the 
format  and  content  frequently  vary  from  system  to  system. 

a*.  Sample  Data  Collections 

One  programmatic  type  of  data  collection  effort  is 
the  Sample  Data  Collection  (SDC).  SDC  summary  reports  contain  a 
variety  of  reliability  and  maintainability  composites  on  weapon 
systems  in  the  field.  Army  Regulation  AR  750-37,  which  is  the 
regulation  governing  SDC  programs,  does  not  state  the  exact  type 
of  data  or  data  format  of  SDCs.  Thus,  the  exact  contents  of  SDC 
summary  reports  should  not  be  expected  to  be  uniform  across 
weapon  systems  and  time. 

b.  Developmental  Tests  and  Operational  Tests 

Another  group  of  potentially  useful  data  is  the 
set  of  Developmental  Test  (DT)  and  Operational  Test  (OT)  docu¬ 
mentation.  These  tests  are  performed  on  major  Army  weapon  sys¬ 
tems  at  key  points  in  the  design  development  process.  The  extent 
to  which  DT  and  OT  reports  contain  data  useful  for  predicting 
manpower  requirements  varies  widely  across  weapon  systems,  and 
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reflects  varying  amount*  of  resources  availabla  and  allocated  to 
ganarata  auoh  data  during  tha  tests.  Nanpowar  oonsidarationa 
hava  thus  far  baan  a  saoondary  focus  in  thasa  tests. 

3 •  Special  Studias 

Tha  third  group  of  documents  that  arc  possible  EMREM 
data  sourcaa  are  “special  studies We  hava  designated  as 
“speaial  studies"  that  group  of  documents  which  are  ad  hoc  in 
nature.  Examples  of  these  doovmenta  are  highlighted  below. 

a.  Special  Study  group  and  Special  Task  Force  Reports 
A  noteworthy  type  of  special  study  documentation 

is  the  set  of  documents  developed  by  Speaial  Study  Groups  or 

% 

Special  Task  Forces.  These  groups  are  composed  of  weapon  system 
and  mission  area  specialists  Who  are  assigned  to  assist  in, 

t 

(among  other  things),  mission  area  analyses  or  the  development  of 
statements  of  mission  need.,  For  example,  the  Materiel  Need 
(Engineering  Development),  or  MN(ED),  of  August  1972,  the  mission 
need  statement  that  prompted  development  of  the  Ml  tank,  was  one 
of  several  reports  prepared  by  the  Main  Battle  Tank  Task  Force 
( MBTTF )  oonvened  in  the  early  1970s. 

The  reports  of  the  study  groups  or  task  forces 
examined  to  date  in  this  researah  include  surveys  of  available 
weapon  systems  and  subsystem  technologies.  They  also  include 
evaluations  of  lessons  learned  from  previous  weapon  system  pro* 
grams,  and  address  the  logistics  considerations  associated  with  a 
proposed  weapon  system. 
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b.  Engineering  and  Maintainability  Predictions 

Other  types  of  data  falling  under  the  heading  of 
Special  Studies  are  those  manpower  requirements  predictions  sup¬ 
plied  in  maintainability  and  reliability  studies  prepared  by 
hardware  contractors.  An  example  of  such  a  study  is  the  MBT/ 
XM803  Maintainability  Program  Plan  relating  to  the  MBT-70  and 
XM803 *,  both  of  whioh  were  used  aa  baseline  systems  for  this 
analysis.  This  document #  prepared  by  General  Motors,  contains, 
among  othor  things,  an  allocation  of  a  target  vthi’ole  maintenance 
manhour  value  among  the  various  components  of  the  XM803. 

Contractor-prepared  engineering  estimates  or  pre¬ 
dictions  of  maintenance  manhour  requirements  are  sometimes  con¬ 
sidered  to  be  of  questionable  utility  because  they  are  frequently 
considered  to  be  low.  This  may  be  due  to  the  fact  that  they  are 
based  on  assumptions  which  are  inconsistent  with  the  aatual 
environment  in  which  the  Army  will  operate  and  maintain  the  wea¬ 
pon  system.  Some  of  the  Services  are  considering  the  development 
of  factors  to  scale  contractor-prepared  engineering  estimates 
into  more  reliable  predictors  of  the  weapon  system's  future  man¬ 
power  requirements.  A  list  of  the  contractor  studies  used  in 
this  analysis  is  contained  in  the  appendix  of  references  at  the 
end  of  this  report. 

Another  example  of  a  data  source  that  would  be 
categorised  as  a  special  study  is  the  Life  Cycle  Cost  Analysis 
Report  I,  which  is  part  of  the  MBT-70  Producibility/Cost  Reduc¬ 
tion  (P/CR)  Study.  That  report  was  prepared  by  Battelle  Memorial 
Institute,  Columbus  Laboratories,  the  integration  contractor  for 
the  MBT-70  P/CR  Study.  Report  I  details  the  methodology  employed 
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in  the  MBT-70  life  cycle  coat  analysis.  As  part  of  the  process  of 
developing  maintenance  cost  estimates*  manpower  requirements  were 
generated  from  a  simulation  model*  also  documented  in  that 
report.  The  simulation  model  draws  from  the  experience  of  the 
MBT-70  prototypes  and  from  fielded  M60Als.  Average  maintenance 
manhours  per  6000  miles  (averaged  over  a  ten-year  operating 
scenario)  are  presented  in  the  Life  Cycle  Cost  Analysis  Report  I. 
Some  of  these  data  have  been  used  in  generating  the  EMREM 
estimates  for  the  Ml. 

Examination  of  the  contents  of  the  documents  men¬ 
tioned  above  revealed  some  discrepancies  that  merit  disoussion. 
Exhibit  II-4  indicates  those  documents*  by  weapon  system*  that 
were  able  to  be  acquired  during  the  data  collection  phase  of  this 
study.  In  the  process  of  evaluating  these  documents  for  suita¬ 
bility  as  input  into  the  analysis*  a  pattern  was  identified 
between  MBT  manpower  requirements  data  prepared  by  the  Army*  and 
like  data  prepared  by  other  groups  such  as  hardware  contractors. 

Army  documents  such  as  the  QQPRI  *  MACRIT  and  AMIM 
all  suggest  total  vehicle  maintenance  manhour  (TVMMH)  require¬ 
ments  (for  the  same  usage  rate)  that*  in  relative  terms*  do  not 
vary  greatly  for  the  same  MBT.  However*  these  same  documents  havs 
TVMMH  figures  that  are  several  times  greater  than  TVMMH  figures 
predicted  by  engineers  in  maintainability  analyses.  Army  TVMMH 
requirements  estimates  in  the  above  Army  documents  also  differ 
significantly  from  8ample  Data  Collection  findings.  The  major 
reason  for  these  differences  in  TVMMH  values  is  that  they  repre¬ 
sent  different  portions  of  the  manhours  required  by  the  system. 

As  an  example,  the  QQPRI  includes  system-specific  DPMMH  values, 


weapon 

SYSTEM 

DOCUMENT  .  M60A1 

M60A3 

MBT-70 

XM803 

Ml 

QQPRI 

X 

X 

MACRXT  X 

X 

X 

TOE  X 

X 

X 

AMIM 

X 

X 

SDC  X 

X 

OT 

DT 

Maintainability 

Program  Plan 

X 

MBTTF  Raporta 

X 

Producibility/ 

Coat  Raduation 

Study 

X 

QQPRI  -  Qualitativa  and  Quantitativa  Paraonnal  Raquiramanta 
Information 

MACRIT  -  Manpower  Authorisation  Standards  and  Criteria 

TOE  -  Tabla  of  Organisation  and  Squipmant 

AMIM  -  Army  Modarnisation  Information  Mamorandum 

SDC  -  Sampla  Data  Collaation 

DT  -  Davalopmantal  Tast 

OT  -  Oparational  Tast 

MBTTF  -  Main  Battla  Tank  Task  Foroa 


Exhibit  II-4  *  TANK-SPECIFIC  DOCUMENTS 
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while  the  MACRIT  includes  not  only  these  values  but  also  other , 
indirect  workload  associated  with  the  system.  For  this  reason/ 
MACRIT  values  will  always  be  larger  than  the  QQPRI .  These  dif¬ 
ferences  are  important  to  be  aware  of/  since  they  can  signifi¬ 
cantly  confuse  the  compatability  and  comparability  of  data 
sources . 

Examination  of  the  similarity  of  the  different 
estimates  for  the  two  tanks#  shows  that  the  manpower  requirements 
data  at  the  subsystem  level  in  the  FY82  AMIM  for  the  M60A3  are 
nearly  identical  to  those  in  the  much  earlier  1980  Amended  Final 
QQPRI  for  the  M60A3.  This  is  despite  the  fact  that  M60A3  AMIM 
data  are  supposed  to  be  based  on  Sample  Data  Collections.  A 
similar  relationship  exists  for  the  Ml  tank.  There  is  so  strong  a 
similarity  between  the  MOS  manpower  requirements  estimates  of  the 
QQPRI  and  the  AMIM#  that  coincidence  seems  unlikely*  but  the 
actual  circumstances  for  this  are  unknown. 

This  data  situation  presents  two  areas  of  consid¬ 
eration  for  the  EM REM  application  to  the  Army's  Ml  tankt 

e  First,  it  is  desirable  to  draw  from  a  combination  of 
input  data  sources,  so  that  compatibility  of  the  data 
is  attractive. 

e  Second#  a  related  problem  arises  in  the  choice  of 

benchmark  requirements  to  which  EM REM  results  should  be 
compared .  „ 

These  considerations  are  taken  up  in  the  next 
subsection.  There#  the  inability  to  locate  data  on  many  of  the 
baseline  systems  and  subsystems  from  the  ideal  time  frame  is 
addressed.  That  is*  MCR  has  been  largely  unable  to  obtain  his¬ 
torical  documents ,  of  the  above  types ,  that  were  prepared  prior 


11-24 


to  1972  (i.e.,  prior  to  the  Ml  DSAKC  Milestone  I).  Some  of  these 
doauments  were  first  generated  substantially  after  that  date.  For 
example,  the  AMIM  was  first  prepared  for  an  MBT  in  fiscal  year 
1979.  Other  documents,  which  are  believed  to  have  been  prepared, 
are  now  unavailable  since  much  of  the  historical  file  is  only 
maintained  for  a  five-year  period. 

For  these  reasons,  in  the  current  application  of 
EM  REM  to  the  Ml  tank  system,  both  the  hardware  characterisation 
and  manpower  requirements  estimation  parts  of  the  methodology 
were  "driven"  by  the  available  data.  This  resulted  in  making  it 
impossible  to  reproduce  a  pure  "pre-DSARC  I  estimate"  of  Ml 

I  • 

manpower  requirements. 

C.  APPROPRIATE  DATA  FOR  THE  Ml  APPLICATION 

At  this  point,  the  set  of  potential  input  data  is  narrowed 
down  to  those  actually  incorporated  in  the  EM REM  program.  In 
doing  so,  the  reasons  Why  only  some  data  were  suitable  Input  are 
explained. 

Exhibit  II -5  recapitulates  the  documents  containing  suitable 
input  for  the  EM REM  in  a  way  that  showe  the  availability  status 
of  these  documents  for  the  baseline  weapon  systems.  A  "UA" 
denotes  that  a  document  may  have  been  prepared  for  the  baseline 
system,  but  was  unavailable  for  use  in  this  analysis  for  the  Ml. 

An  "X"  signifies  that  the  referenced  report  was  obtained  and 
appropriate  for  the  current  application  of  EMREM.  An  "NA"  denotes 
that  a  dooument  was  not  appropriate  for  this  EMREM  application 
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because  of  its  aga  (l.e.#  the  document  was  prepared  for  the  wea¬ 
pon  system  well  after  Milestone  1  for  the  Ml). 

In  this  analysis,  the  intention  has  been  to  use  M60A1  data 
exclusively.  To  the  degree  possible#  this  has  been  followed. 
However#  a  full  set  of  M60A1  data  is  no  longer  available.  If  a 
full  set  of  data  on  the  M60A1  had  been  available#  then  it  is 
doubtful  that  any  M60A3  data  would  have  been  used.  Unfortunately# 
some  data  on  the  M60A1  are  unavailable  due  to  the  age  of  the  man¬ 
power  requirements  estimates  associated  with  this  weapon  system. 

As  a  result#  M60A3  data  on  some  subsystems  were  used  as  if  they 
were  data  on  the  M60A1. 

The  assumption  has  been  that  data  for  some  subsystems  of  the 
M60A3  will  serve  as  reasonable  surrogates  for  unavailable  histor¬ 
ical  data  on  the  corresponding  subsystems  of  the  M60A1 •  It  is 
acknowledged  that#  while  the  subsystems  may  be  similar  or  identi¬ 
cal  between  the  M60A3  and  the  M60A1#  the  data  may  still  not  be 
representative  of  the  maintenance  experience  of  M60A1  subsystems 
since  there  may  have  been  improvements  in  training  for  mainten¬ 
ance  personnel#  more  effective  technical  manuals#  etc.  Neverthe¬ 
less#  the  data  availability  situation  is  such  that  this  scheme  is 
unavoidable.  The  ultimate  hardware  characterisation  required  for 
this  demonstration  was#  in  part#  driven  by  the  availability  of 
supporting  manpower  data. 

In  the  next  section,  the  hardware  characterisation  required 
by  Part  1  of  the  EMREM  application  is  developed.  The  link  is  made 
there  to  the  actual  availability  of  manpower  data  for  Ml  prede¬ 
cessors  and  how  that  led  to  the  selection  of  the  "New  Weapon 
System  Description"  is  described. 
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QQPRI  -  Qualitative  and  Quantitative  Personnel  Requirements 
Information 

MACRIT  -  Manpower  Authorisation  Standards  and  Criteria 

TOE  ■  -  Table  of  Organization  and  Equipment 

AMIM  -  Army  Modernisation  Information  Memorandum 

SDC  -  Sample  Data  Collection 

DT  -  Developmental  Test 

OT  -  Operational  Test 

MBTT7  -  Main  Battle  Tank  Task  Foroe 

UA  -  Report  unavailable 

X  -  Report  used  in  EMREM  Ml  Analysis 

NA  -  Report  not  appropriate  for  EMREM  Ml  Analysis 


Exhibit  II-5.  AVAILABLE  MANPOWER  REQUIREMENTS  DATA 
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XXX.  ANALYSIS  OP  MISSION  NEED 
AND  CHARACTERIZATION  OP  HARDWARE 

In  order  to  apply  IMREM  to  a  naw  weapon  system,  an  analysia 
of  the  mission  nssd  for  that  syatsm  must  be  performed.  Ths  anal** 

•I 

ysls  of  ths  mission  nssd  ssrvss  as  ths  first  stsp  or  input  to 
asssssmsnt  of  ths  potsntlal  hardwara  fsatursa  of  ths  naw  syatsm. 
in  emrem,  ths  resulting  hardwara  characterisation  ssrvss  as  ths 
basis  for  beginning  ths  manpowar  rsquirsmsnts  sstlmation  proosss. 
Ths  EMREM  analysss  that  rssult  in  a  systsm  hardwara  characterisa¬ 
tion  are  disousssd  bslow  in  tsrms  of  thslr  gsnsral  application  in 
EMREM,  and  thsir  specific  uss  in  our  dsmonstration  of  EMREM  on 
ths  Ml  Main  Battls  Tank* 

In  ths  tsxt  that  follows,  assumptions  mads  and  proesdurss 
ussd  (a.g.,  ohoicss  of  basslins  systsms  and  subsystsms)  ars  thoss 
of  MCR  unless  othsrwiss  designated. 

* 

A.  IDENTIFICATION  OP  THE  MI8SI0N  NEED 

For  naw  weapon  systsms,  ths  primary  documentation  prepared 
prior  to  DSARC  Milestone  X  is  ths  Justification  for  Major  Systsm 
New  Start  (JM8N8).  This  "mission  nssd  statement"  is  prepared  by 
ths  Services,  generally  as  a  rssult  of  ongoing  mission  analysis. 

A  mission  nssd  statement  may  bs  prepared  for  a  variety  of  reasons 
Including! 

s  identification  of  a  new  threat, 

s  weapon  system  innovation,  or 

s  exploitation  of  new  technology. 


The  mission  need  statements  for  requirements  which  are  considered 
major  ara  ourrantly  callad  tha  Justification  for  Major  Systam  New 
Start  ( JM8NS ) •  In  tha  past,  thay  hava  also  baan  callad  Mission 
Clamant  Need  statements  (MENs)  and  Material  Need  Statements 
(MNs ) •  These  documents  ara  tha  initial  motivating  force  behind 
tha  weapon  system  development  process. 

Although  aecaptanca  of  tha  mission  need  statement  initiates 
the  development  of  a  new  major  weapon  system,  it  is  not  a  design 
proposal  in  that  no  specific  hardware  or  software  characteristics 
are  Included  in  it.  '  The  method  for  fulfilling  the  need  is 
addressed  in  terms  of  the  adequacy  of  existing  systems  to  meet 
the  requirement.  In  applying  EMREM,  a  mission  need  statement  is 
used  as  the  basis  for  identifying! 

e  the  basic  type  of  the  new  weapon  system  and  the  asso¬ 
ciated  baseline  weapon  system,  and 

e  disparities  between  the  new  weapon  system  and  the  base¬ 
line  system. 

In  performing  the  EMREM  analysis  on  major  weapon  systems, 
the  degree  of  specificity  contained  in  the  mission  need  statement 
may  not  prove  to  be  adequate  for  sufficiently  delineating  the 
hardware  characteristics  of  the  new  system.  In  such  cases,  this 
basic  information  must  be  augmented  by  review  of  the  supporting 
analyses  developed  in  preparation  of  the  original  statement  and 
any  additional  insight  available  from  specialists  familiar  with 

i 

these  analyses.  The  degree  to  which  this  information  is  availa¬ 
ble  is  largely  dependent  upon  the  circumstances  surrounding  the 
development  of  the  mission  need  statement.  However,  task  force 
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and  special  atudy  group  findings  relating  to  tha  analysis  of  the 
naad  art  a  significant  source  of  additional  detail* 

Kay  areas  addrasssd  in  mission  naad  statements  are  generally! 

•  an  identification  of  relevant  defense  guidance  elements 
which  indicates  how  the  new  system  will  be  part  of 
overall  U.S.  military  defense  postures 

•  a  review  of  the  potential  mission  and  threat  to  identic 
fy  mission  area  and  functional  deficiencies  of  existing 

systems! 

•  a  review  of  alternative  concepts*  including  information 
on  innovative  advancements  or  product  improvements  to 
existing  weapon  systems! 

•  a  description  of  the  potential  technology  involved* 
l.e.f  the  degree  to  which  technology  will  compensate 
for  the  remaining  areas  of  risk! 

•  a  disoussion  of  funding  implications  and  estimates  of 
pertinent  weapon  system  acquisition  costs! 

a  a  discussion  of  constraints  or  limitations  associated 
with  meeting  the  need!  and 

a  a  discussion  of  acquisition  strategies  summarizing  ele¬ 
ments  of  the  proposed  program  structure*  competition* 
and  contracting  arrangements. 

For  the  Ml,  the  Materiel  Need  and  the  Materiel  Need  (Engi¬ 
neering  Development)*  MN(ED)*  were  the  official  materiel  need 
statements  during  the  Concept  Exploration  Phase*  The  latter 
document  was  used  as  the  starting  point  for  this  demonstration. 
They  indicate  the  general  direction  of  the  Main  Battle  Tank  (MBT ) 
program  in  the  U.S.  That  orientation  is  summarised  in  Appendix 


Since  the  Ml  is  the  focus  of  this  demonstration  of  EMREM* 
certain  information  in  its  mission  need  statement  is  of  primary 
Interest.  Of  particular  relevance  is  the  information  pertaining 
to  the  ability  bf  existing  weapon  systems  to  meet  the  required 
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operational  capability  and  hardware  characteristic* .  The 
6/ 

M60A1(A08)  was  cited  as  deficient  in  meeting  those  require¬ 
ments.  As  indicated  in  Exhibit  m-1*  the  system  characteristics 
cited  for  improvement  include « 

e  sise  of  the  silhouette * 

•  acceleration  and  cross-country  speed* 

•  mobility  and  firepower  systems* 

e  firepower  capability*  and 

e  ballistic  protection. 

These  parameters  of  operating  capability  establish  standards  of 
the  operational  effectiveness  of  the  proposed  system.  Embedded 
in  this  are  physical  characteristics  the  new  system  must  possess. 
These  include i 

•  maximum  combat  weight  of  49  to  58  tons, 

e  maximum  height  (to  turret  roof)  of  95  inches* 

e  maximum  width  of  144  inches  and* 

e  minimum  ground  clearance  of  17  inches. 

Next,  we  develop  the  hardware  character i eat ions  required  by 
EMREM.  The  result  of  that  portion  of  the  methodology  is  a 
description*  using  analogs*  of  a  "weapon  system"  that  will  sup¬ 
port  the  mission  need.  As  we  shall  see*  that  "system"  will  be 
used  in  developing  the  estimate  of  manpower  requirements  for  the 
Ml. 

B.  HARDWARE  CHARACTERIZATION 

The  identification  of  hardware  features  associated  with  the 

4/  AOS  is  an  acronym  for  Add  on  Stabilisation. 
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Characteristics _ M6QA1(A0S) _ MN(ED)  MBT 

General 


Gross  HP/Ton 

14.1 

25-30 

Cruising  Ranga  (mi.) 

300 

275-325 

Ground  Claaranoa  (in.) 

15.25 

17-23 

Width  (in.) 

143 

120-144 

Haight  (in.) 

106.5 

90-95 

Waight  (tons) 

55 

43-49 

Armamant 

• 

,  ; 

Main  Gun 

105mm 

105mm 

Coaxial 

7.62mm 

2 0-3 0mm 

Tank  Commandar 

•50  cal 

.50  cal 

Loadar 

- 

40mm 

Stowed  Load  I 

Main  Gun 

63  rounds 

40-50  rounds 

Coaxial 

3800  rounds 

500-700  rounds 

Tank  Commandar 

720  rounds 

1000-1500  round 

X#oader 

m 

150-300  rounds 

0-20  mph 

15  sac 

6-9  sac 

Cross-country 

18-20  mph 

25-30  mph 

Top  Spaad 

30  mph 

35-40  mph 

Combat  Survivability 

• 

Kinatic  Enarcrv 

Front/S ids 

100mm  I750M/Flank 
100mm  82600M 

115mm  9800-1200 

23mm  AP^  (J100M 

Sidas/Raar 

14.5mm  6110M 

Hiah  Exolosiva  Anti-Tank 

Front/sida 

Mona 

76-115mm 

Sida/Raar 

*  2 

Max  Degradation 

Ovarhaad 

155mm  VT=  'J10M 

155mm  VT  Random 

1/Armor  piercing 
7/Variabla  time 


Source i  HQ  DA#  "Main  Battla  Tank  Task  Force#  Part  It  Executive 
Summary/1  1  August  1972. 


Exhibit  III-l.  SYSTEM  CHARACTERISTICS 
FOR  THE  M60A1  AMD  MEW  MBT 


new  vaapon*  system  provides  the  framework  from  which  manpower 
eetimatea  may  toe  developed.  Thie  eeotion  dieoueees  the  three 
•tape i  previously  mentioned#  which  together  lead  to  a  hardware 
,  description  of  the  new  system.  These  steps  arei 

e  identify  the  Baseline  Weapons  System  or  System, 
e  Determine  Baseline  Weapon  System  Changes,  and 
e  Develop  New  Weapon  System  Description. 

Baah  of  these  in  discussed  toelow. 

1.  identify  the  Baseline  Weapon  System 

As  we  have  seen  in  the  mission  need  analysis,  the 

« 

suitability  of  existing  systems  to  meet  the  stated  requirement  is 
considered.  The  system  adopted  by  BMBEM  as  the  baseline  system 
is  that  system  already  in  the  force  structure  which  most  dearly 
approximates  the  functions  and  capability  required  of  the  new 
system.  That  system  is,  in  effect,  the  one  against  whiah  new 
designs  or  concepts  are  evaluated.  If  the  mission  need  statement 
implies  that  the  "new"  system  is  a  product- improvement  of  an 
existing  system,  the  latter  is  the  baseline.  In  the  text  that 
follows,  we  categorically  refer  to  all  systems  generated  from 
mission  need  statements  as  "new"  systems,  systems  selected  as 
analogs  are  referred  to  as  baseline  systems  or  predecessor 
systems . 

The  purpose  of  the  baseline  systSm  is  to  establish  s 
starting  point  for  considering  hardware  characteristics  and  man¬ 
power  data  that  may  be  applied  to  the  new  system.  In  determining 
£he  baseline  system  or  set  of  systems,  the  objective  is  to 
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achieve  the  most  dstailsd  dssoription  of  performance  parameters 
and  hardware  characteristics  available.  This  allows  greater 
confidence  in  using  the  baseline  system  manpower  requirements  to 
establish  the  new  system  manpower  estimates* 

Vor  the  Nlf  NCR  seleoted  primary  and  secondary  baseline 
systems*  The  primary  baseline  system  represents  the  existing 
system  which  most  closely  resembles  the  proposed  new  system.  The 
primary  baseline  system  provides  a  generic  description  of  hard¬ 
ware  information  and  specific  engineering  and  manpower  data  on 
the  existing  system.  The  secondary  baseline  system  provides 
additional  information  on  those  systems  not  currently  found  on 
the  existing  system  but  expected  to  be  on  the  new  system.-^ 

For  this  demonstration  of  BMRIM,  the  primary  baseline 
system  chosen  for  the  Ml  is  the  M60Al(A08) •  The  secondary  base¬ 
line  system  selected  is  the  MIT-70.  Collectively,  the  subsystems 
* 

taken  from  these  tanks  most  alosely  resemble  the  hardware  fea¬ 
tures  implied  by  the  Ml's  mission  need  statement.  The  XM803 , 
because  of  its  similarity  to  the  MBT-70,  was  a  potential  secon¬ 
dary  baseline  system.  However,  due  to  the  laok  of  hardware 
information  available  for  that  tank,  it  was  excluded  from  the 
analysis.  As  mentioned,  the  turbine  engine  from  a  helicopter  was 
considered  for  use  in  the  MCR  analysis.  However,  it  was  rsjected 

V  In  general,  more  than  one  secondary  baseline'  may  be  chosen.  In 
fact,  the  secondary  systems  may  be  from  a  oompletely  different 
class  of  weapon  system  than  the  new  system.  For  instance,  in  tha 
analysis  of  the  Ml,  the  helicopter  could  have  been  ahossn  as  a 
secondary  system  because  of  its  turbine  engine.  However,  the 
required  modifications  to  the  helicopter  performance  parameters 
made  this  selection  infeasible  in  this  case. 


because  of  significant  diffarances  between  its  performance 
raquiramants  and  thosa  that  would  ba  required  for  tha  Ml.  Instead, 
basad  on  information  oontainad  in  tha  mission  naad  statement, 
tha  Daimler-Bens  angina  with  a  Rank  transmission  was  salscted  for 
tha  powar  train. 

While  tha  baaalina  systems  may  not  completely  represent 
all  tha  characteristics  to  ba  embodied  by  tha  new  system, .they  do 
present  tha  bast  starting  point  from  whioh  to  identify  hardware 
and  manpower  characteristics  the  new  system  will  possess.  Due  to 
the  lsok  of  new-systera  detail  available  in  the  Conoept  Explora¬ 
tion  Phase,  the  modular  approach  implemented  by  bmrrm  identifies 
the  best  approximation  of  the  new  system. 

2.  Determine  Baseline  Weapon  System  Changes 

Having  identified  the  baseline  systems,  whioh  serve  as 
the  principal  sources  of  historical  hardware  and  manpower  data, 
it  la  Important  to  isolate  the  elements  of  those  baseline  systems 
that  are  not  shared  with  the  new  system.  Zn  employing  emrem,  the 
basio  approach  taken  in  analysing  potential  differences  between 
the  new  and  existing  systems  is  to  identify  those  hardware  fea¬ 
tures  or  subsystems  of  the  baseline  systems  that  are  not  able  to  • 
satisfy  the  performance  requirements  specified  in  the  mission 
need  statement.  Only  subsystems  of  the  primary  baseline  system 
have  to  be  modified,  since  its  funotlon  is  to  provide  a  generic 
description  of  hardware  along  with  engineering  and  manpower  data. 
The  subsystems  requiring  change  were  identified  by  MCR  through 
use  of  a  three-level  work  breakdown  structure  (WBS).  The  WBS  we 
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have  constructed  is  compatible  with  WBSs  for  full-tracked 
vehicles  as  described  in  various  DoD  and  Industry  publications. 

The  hardware  portion  o£  the  WBS  used  in  this  deomonstration  is 
shown  here  in  Exhibit  XXX-2,  Eleven  functional  subsystems 
are  listed. 

Three  levels  of  detail  appear  in  this  work  breakdown 
structure.  The  first  level  identifies  the  primary  weapon  system 
being  designed.  The  seoond  level  identifies  the  major  subsystems 
or  categories  of  equipments  characterising  the  weapon  system.  The 
third  level  contains  speoific  equipments  comprising  the  subsys¬ 
tems  or  categories  of  equipment  in  Level  2.  Appendix  B  presents, 
at  the  third  level  of  indenture,  the  complete  wbs  for  the  mbts 
used  in  this  study. 

Generally#  the  more  speoifio  third  level  of  detail 
(ahown  in  Exhibit  XXX-3)  is  not  available  in  the  Concept  Explor¬ 
ation  Phase.  Hardware  details  are  considered  atthe  more  aggre¬ 
gate  seoond  level#  with  details  on  individual  components  not 
developed  until  later  in  the  design  process.  References  to  the 
vehicle's  structure  can  only  be  made  in  aggregate  terms  such  as 
fire  control  system.  As  the  design  process  matures#  additional 
levels  of  detail  become  available  for  each  subsystem.  Generally, 
by  the  end  of  the  design  cycle#  detailed  Information  to  the  third 
indenture  level  is  available  and  the  complete  characterisations 
found  in  Appendix  B  would  be  used. 

As  indicated  earlier#  the  major  source  of  descriptive 
hardware  information  available  at  the  Concept  Exploration  Phase 
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Exhibit  111-2.  THREE-LEVEL  KBS  FOR  FULL-TRACKED  COMBAT  VEHICLE 
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Exhibit  III-3.  SAMPLE  PAGE  OP  THIRD-LEVEL 
PULL-TRACKED  COMBAT  VEHICLE  WBS 
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is  ths  mission  need  statement.  This  document  outlines,  the  per¬ 
formance  parameters  and  hardware  features  required  of  the  new 
system*  Based  on  the  information  contained  in  the  mission  need 
statement  for  the  Ml,  MCR  chose  six  subsystems  from  the 
M60A1(AOS )  as  representative  of  subsystems  to  be  found  on  the  new 
system*  This  was  based  on  a  detailed  analysis  of  the  hardware 
aspects  of  the  M60  series  and  MBT-70  tanks.  Two  of  the 
M60A1(AOS)  subsystems,  suspension  and  fire  control,  were  found 
inadequate  based  on  mission  need  requirements.  Appropriate 
replacements  were  found  in  the  suspension  and  fire  control  sys¬ 
tems  of  the  MBT-70.  All  subsystems  were  selected  from  one  of  the  . 
two  baselines  with  on*  exception,  the  vehicle  power  package. 

Based  on  explicit  information  stated  in  the  mission  need,  the 
Daimler-Benz  engine  with'  a  Rank  transmission  was  to  be  used  in 
the  new  system.  The  Army  originally  cpnsi dared  the  gas  turbine 
engine  during  Concept  Exploration,  but  abandoned  that  concept  in 
favor  of  a  more  familiar  technology.  The  gas  turbine  engine  con¬ 
cept  was  ultimately  selected  in  the  Demonstration  and  Validation 
Phase.  This  situation  is  illustrative  of  the  manner  in  which 
design  considerations  change  from  concept  exploration  to  production. 

Although  some  of  the  subsystems  of  the  primary  baseline 
system  (M60A1(AOS))  were  cited  as  deficient  in  the  mission  need 
statement,  they  were  still  incorporated  into  this  analysis.  Those 
deficiencies  related  more  to  design  considerations  than  to  man¬ 
power  requirements.  The  actual  selection  of  subsystems  for  this 
analysis  was  based  on  the  assumed  similarity  of  their  manpower 
requirements  to  those  of  the  proposed11  new  system. 


The  baseline  subsystems  discussed  In  this  section  are 
used  in  the  next  section  to  formulate  the  new  weaponu  system 
description. 


3 .  Develop  the  New  Weapon  System  Description 

In  the  preceeding  section,  the  subsystems  of  the  two 
baseline  weapon  systems  ware  identified.  This  Section  serves  to 
refine  the  hardware  characteristics  definition  of  the  new  system. 

As  stated  earlier,  based  on  information  contained  in 
the  missibn  need  statement  for  tho  Ml  tank,  the  M60A1(A0S )  was 
chosen  as  the  primary  baseline  weapon  system.  Subsystems  were 
chosen  from  the  M60A1(A0S)  as  representative  of  those  subsystems 
to  be  found  on  the  new  system.  However,  two  of  the  M60A1 ( AOS ) 
subsystems  were  found  inadequate.  The  MBT-70  was  selected  as  the 
baseline  for  those  two  subsystems  (see  Exhibit  XII-4). 

As  noted  earlier,  one  tank  subsystem,  the  vehicle  power 
package,  could  not  be  represented  by  either  baseline  system.  That 
subsystem  is  best  represented  by  the  Daimler-Bens  engine  and  Rank 
transmission  found  in  the  Leopard  XX  tank. 

Taken  together,  these  nine  subsystems  provide  the  best 
functional  description  of  the  new  MBT.  The  justification  for 
ahooaing  each  of  the  subsystems  used  in  this  demonstration  is 
discussed  below t 

e  The  M60A1(A08)  hull  was  chosen  based  on  the  arrangement 
of  the  crew.  The  three-man  crew  of  the  MBT-70  has  a 
smaller  silhouette  when  the  driver  is  located  in  the 
turret,  not  the  hull.  This  crew  arrangement  would 
significantly  alter  the  reliability  of  resulting  man¬ 
power  estimates.  Since  the  sice  of  the  tank's  silhou¬ 
ette  has  a  negligible  effect  on  maintenance  require¬ 
ments,  the  M60A1 (AOS )  hull  provides  the  best  descrip¬ 
tion  of  the  proposed  hull  of  the  new  system. 
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Baseline  Systems 

SUBSYSTEM 

MbOAl(AOS) 

MBT- 70 

Hull 

X 

Suspension 

Vehicle  Power  Package^ 

• 

X 

Auxiliary  Automotive 

X 

Turret 

X 

Fire  Control 

X 

Armament 

X 

Communications  Equipment 

X 

Special  Equipment 

X 

1/The  vehicle  power  package  includes  the  engine#  power  train 
assembly,  and  power  package-other  components.  The  Daimler-benz 
engine  with  a  Renk  transmission  was  chosen  to  represent  this 
subsystem  in  our  analysis. 


Exhibit  111-4.  HARDWARE  CHARACTERIZATION  SUBSYSTEM 
SELECTION  t  Ml  MBT  EMREM  DEMONSTRATION 
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•  The  suspension  of  the  MBT-70  was  chossn  because  it 
meets  the  specified  cross-country  performance  para¬ 
meters.  The  M60Al(AO8)  was  cited  as  deficient  and 
product  improvements  to  its  suspension  were  not 
expected  <in  1972)  to  remove  the  deficiencies. 

e  The  Dalmler-Bens  1500  diesel  engine  was  identified  in 
the  Ml's  mission  need  statement  as  the  only  feasible 
engine  available  for  the  vehicle  power  package.  The 
gas  turbine  engine#  although  desirable#  was  afforded 
only  secondary  consideration  during  the  Ml's  Concept 
Bxploration. 

e  The  auxiliary  automotive  subsystem  was  chosen  from  the 
M60A1(AOS).  Information  contained  in  the  Ml  mission 
nsed  statement  did  not  identify  required  changes  to 
this  subsystem. 

0  The  M60A1 (A08 )  turret  was  chosen  for  the  same  reasons 
as  the  M60AKAO8)  hull. 

e  The  MBT-70  fire  oontrol  system  most  closely  satisfies 
the  performance  parameters  specified  in  the  mission 
need  statement.  The  infra-red  fighting  equipment  and 
the  ability  to  fire  on  the  move#  were  illustrative  of  . 
the  requirements  desired  for  the  new  tank. 

e  The  desired  primary  armament  for  the  new  tank  was  a  105 

mm  or  120mm  gun#  with  an  emphasis  on  the  former.  The 

M60A1(AOS)  was  adequate  for  both  the  primary  and  secon¬ 
dary  armaments.  The  similarity  of  armaments,  along 
w,ith  mission  need  information#  indicated  no  reason  to 
expect  a  change  between  the  baseline  and  new  system. 

e  Based  on  information  in  the  mission  need  statement,  the 

last  two  subsystems,  communications  and  special  equip¬ 
ment,  were  not  expected  to  change  between  the  baseline 
and  new  system. 

In  this  application  of  EMREM,  the  final  hardware  char- 

« 

acterisation  was  influenced  by  the  availability  of  supporting 
manpower  data.  That  was  due  to  our  Inability  to  reconstruct  the 
complete  historical  file  of  necessary  information  back  to  1972. 
Although  our  principal  goal  in  this  demonstration  of  EMREM  was  to 
use  manpower  requirements  data  for  the  subsystems  listed  in 
Exhibit  XIX-4,  this  was  not  feasible  in  two  cases. 


Exhibit  III-5  lists  ths  sources  of  the  manpower  data 
used  In  this  analysis.  Suitable’ data  could  not  be  found  for  the 
M60A1  hull  and  communi oat ions  subsystem.  The  M60A3  was  selected 
to  be  ufed  as  an  analog  due  to  the  perceived  similarity  in  main¬ 
tainability  eharaeteristies.  The  FY82  AMIN  data  for  the  M60A3 
wee  used  in  the  analysis  sinoe  it  was  more  recent  and  closely 
approximated  the  other  sources  available,  specifically  MACRXT  and 
the  OOPRI. 

The  next  section  of  this  report  explains  how  the  information 
in  Exhibit  XXX-5  is  processed  into  a  manpower  requirements  estl- 

i 

mate  for  the  Ml  tank. 


Bubsysttm 

Bastlint 

Powtr  PaoHagt 

MBT-70 

Auxiliary  Autoraotiva 

M60A1 (AOS) 

Turrtt 

M60A1 (AOS) 

Busptnsion 

MBT-70 

Armanis  nt 

M60A1 (AOS) 

Hull 

M60A3 

Communications 

M60A3 

Sptoial  Equipmtnt 

M60A1 (AOS) 

Firs  Control 

MBT-70 

Manoowsr  Dooumsnt  Utad 
Lift  Cyolt  Coat  Analysis  Rsport  I 
AR  570-2 
AR  570-2 

Lift  Cyolt  Cost  Analysis  Rsport  I 

AR  570-2 

AMIM(FY82)‘ 

AMIM(FY82) 

AR  570-2 

Lift  Cyolt  Cost  Analysis  Rsport  I 
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Exhibit  III-5 .  FINAL  BASELINE  SUBSYSTEM  SELECTION 
AND  SOURCES  OF  MANPOWER  REQUIREMENTS  DATA 
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XV.  MANPOWER  REQUIREMENTS  ESTIMATION 


In  this  section,  ths  development  of  estimated  optrator  and 

« 

support  (below  dspot  lsvsl)  manpower  raqulrsd  to  oparats  and 
nsintain  s  battalion  of  Ml  tanks  is  daacribad.  This  dasoription 
inoludas  ths  following  stspsi 

a  rslats  tha  products  of  ths  hardwara  eharaotariaation 
phasa  to  tha  objectives  of  ths  manpowar  raquiromants 
estimation  phasa * 

a  calculate  our  estimates  by  M08  for  manpowar  require¬ 
ments  below  tha  depot  level* 

» 

e  translate  those  estimates  into  the  MCR-defined  aptitude 
clusters*  and 

e  compare  the  EMREM  results  with  actual  observations  of 
the  maintainability  characteristics  of  the  Ml  mbt. 


A. 


THE  TRANSITION  FROM  HARDWARE  CHARACTERIZATION  TO  MANPOWER 

MQUIRBHKMtB  MTIM&TON  '  .  nw.n-m-.n-' 


The  hardware  characterisation  phase  of  tha  EMREM  lays  tha 
groundwork  for  tha  collection  of  manpower  requirements  data*  and 
tha  calculation  of  manpower  requirements  for  the  new  weapon  sys¬ 
tem*  Tha  principal  product  of  tha  hardware  characterization  is 
the  dasoription*  in  terms  of  hardwara  features  of  baseline  sys¬ 
tems*  of  the  weapon  system  for  which  manpower  requirements  esti¬ 
mates  are  to  be  calculated*  Hardware  features  refers  to  combina¬ 
tions  of  subsystems  or  components*  the  elements  of  the  various 
Indenture  levels  of  a  work  breakdown  structure  for  the  new  weapon 
system*  The  level  of  indenture  which  is  accommodated  by  the  hard¬ 
ware  characterization  phase  and*  hence,  the  manpower  requirements 


••timation  phase,  is  determined  by  the  specificity  of  Concept 
Exploration  Phase  information  regarding  the  new  weapon  system. 

Por  the  HI  tank  application  of  EMREM,  we  have  been  working 
at  the  subsystem  level,  largely  due  to  the  level  of  detail  gene¬ 
rally  available  at  this  phase  of  system  development.  The  product 
of  the  hardware  characterisation  phase  for  the  Ml  application  was 
the  list  of  subsystems  presented  in  Exhibit  111-5,  That  list  of 
subsystems,  choeen  from  the  set  of  baseline  weapon  systems,  com¬ 
prises  the  best  estimate  of  the  collection  of  technologies 
expected  (as  of  1972)  to  be  Incorporated  in  the  new  mbt. 

The  Initial  objective  of  the  manpower  requirements  estima¬ 
tion  phase  is  to  collect  manpower  requirements  data  for  the  base¬ 
line  hardware  features  selected  by  the  hardware  characterization 
phase.  So,  for  the  HI  application,  the  first  step  towards  calcu¬ 
lation  of  the  manpower  data  on  the  subsystems  is  shown  in  Exhibit 
III-5. 

» 

B.  CALCULATION  OP  BMRBM  MANPOWER  REQUIREMENTS  ESTIMATES 

The  calculation  of  manpower  estimates  by  EMREM  is  performed 
in  three  steps  * 

e  identification  and  collection  of  data  on  manpower  and 
planned  system  applications? 

e  development  of  manpower  estimates  for  the  new  weapon 
system?  and 

e  translation  of  the  requirements  into  Aptitude  Clusters. 

The  identification  and  collection  of  manpower  data  for  this 
demonstration  of  EMREM  bn  the  Ml  main  battle  tank  was  discussed 
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separately  In  Section  II  of  this  report  due  to  the  significant 
impact  data  availability  had  on  this  analysis.  This  portion  of 
the  report  focuses  on  the  development  of  the  actual  manpower 
estimates  and  translation  of  those  estimates  into  requirements  by 
Aptitude  Cluster. 

The  manpower  requirements  estimates  intended  to  be  developed 
using  SMXBM  are  to  represent  the  different  manpower  required  in 
the  three  periods  of  a  system's  life  ayolei 
e  the  initial  deployment  phase, 

e  the  steady  state  phase,  and 

e  the  post  production  phase. 

This  demonstration  of  BMREM  on  the  Ml  necessitated  focusing  on 
the  steady  state  portion  of  the  overall  life  oyale  manpower 
requirements,  sinoe  there  were  not  enough  historical  data  on  the 
baseline  eubsystems  to  calculate  any  but  the  steady-state  man¬ 
power  requirements.  These1 latter  requirements  are  calculated 

from  maintenance  manhour  data  per  measure  of  usage  or  per  unit  of 

*  % 

time.  In  the  oase  of  the  Ml,  the  qualitative,  Service-spocific 
breakout  is  repreeented  by  the  first  two  characters  of  the  (three 
character)  Army  Military  Ocoupationul  Specialty  (MOB)  codas.  In 
the  discussion  below,  we  use  the  term  "MOS  group"  to  refer  to 
sets  of  MOSs  represented  by  their  first  two  characters . 

1.  Development  of  the  Manpower  Estimate  for  the  Ml  Main 


EM REM  is  designed  to  determine  manpower  requirements  at 
the  weapon  system  level.  At  this  level,  the  exact  types  of  man¬ 
power  to  which  we  are  referring  are  the  weapon  system  operators 
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(crew)#  support  personnel!  and  below  depot  level  maintenance  per¬ 
sonnel  (i.e.r  organisational  and  intermediate  maintenance  personnel). 

For  the  Ml  tank  application ,  the  requirements  for  the 
crew  were  established  quite  readily  from  the  MN(ED)  which  stated 
that  the  new  MB?  would  have  a  four-man  crew.  That  is,  the  new 
MBT  would  have  the  conventional  crew  combination  of  commanderr 
loadert  gunner  and  driver*  Thus ,  the  principal  task  of  estimat¬ 
ing  manpower  requirements  for  the  new  MBT  focused  on  determining 
maintenance  and  support  manpower  requirements. 

Steady-state  manpower  requirements  were  .calculated  for 

i 

personnel  Involved  in  the  be low-depot-level  maintenance  and  sup¬ 
port  of  the  new  weapon  system  using  historical  manpower  data  and 
manpower  requirements  predictions*  Several  conventions  whsre 
adopted  in  this  process*  These  includes 

e  determination  of  an  acceptable  way  to  categorise  man¬ 
power  data*  prior  to  the  conversion  to  Aptitude  Clusters; 

e  allocation  of  total  manpower  requirements  to  ORO,  ds 
and  QS  echelons i 

e  manipulation  of  the  data!  which  come  from  heterogeneous 
sources!  so  that  they  are  more  compatible  with  one 
another; 

e  determination  of  the  number  of  weapon  systems  (tanks) 
that  will  be  deployed  into  a  given  organisational  unit 
(battalion); 

e  conversion  of  manhour  data  into  numbers  of  personnel; 
and 

e  establishment  of  criteria  to  generate  ranges  of  person¬ 
nel  requirements  (by  personnel  type)  that  would  be 
expected  to  contain  actual  personnel  requirements. 

The  specific  conventions  used  in  this  EMRBM  demonstra¬ 
tion  are  explained  in  the  discussion  that  follows. 
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u  Categorisation  og  the  Manpowr  Data 

The  manpower  requirements  estimates  developed 
using  EM REM  art  ultimatoly  translated  into  Aptitude  Clusters. 
Therefore,  at  soraa  point,  tha  manpowar  raquiramanta  must  ba 
groupad  according  to  skills.  Sinca  it  ia  simple  from  tha  outaat 
to  make  tha  transition  from  a  hardware-oriented  braakout  of  man¬ 
powar  raquiramanta  to  a  braakout  according  to  MOS  and,  ainoa  tha 
lattar  categories  may  ba  ralatad  to  skills,  wa  ha ve  opt ad  to  do 
this  from  tha  atart.  That  ia,  tha  historical  manpowar  raquira¬ 
manta  information  ara  raarrayad  by  MOS. 

Tha  manpowar  data  ara  groupad  by  tha  first  two 

» 

oharactara  of  tha  MOS.  Tha  third  charaotar  of  tha  MOS  has  baan 
auppraaaad  bacauaa  thia  charaotar  ia  typically  peculiar  to  a 
given  weapon  system.  For  example,  if  tha  first  two  characters  of 
an  MOS  coda  ara  H63M,  than  tha  MOB  coda  refers  to  a  tank  automo¬ 
tive  meahania.  But,  when  this  code  is  appended  with  a  third 
(alpha)  character,  it  refers  to  a  tank  automotive  mechanic 
charged  to  spacifio  activities  for  a  specific  type  of  tank, 

(a.g.,  M60  vs.  Ml).  .  By  ignoring  tha  system- specific  designator, 
the  potential  aptitude  commonality  of  MOSs  within  tha  group  is 
reinforced. 

Tha  relation  between  MBT  hardware  characteristics 
and  spacifio  occupations  in  maintenance  and  support  functions  is 
shown  in  Exhibit  XV-1.  Tha  Army  manpowar  data  used  for  several 
of  tha  baseline  subsystems  ware  originally  arrayed  in  this 
analysis  by  tha  thraa-charactar  MOB  coda.  For  those  data,  tha 
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occupation  Title  MOB  Group _ Activity 

XI1/  e  Syatam  opera 

tion/er ew- lava 1 
maintananea 


Tank  Commander,  Driver, 
Ounnar,  Loader  (Crew) 


Field  Radio  Repairer, 
Field  General  COMSEC 
Repairer,  Tactical 
Comm.  Systems  Op./ 
Mach. 

Fire  Control  Instru* 
ment  Repairer 

Metal  Worker 


Small  Arm*  Repairman, 
Tank  Turret  Repairman, 
Tank  Turret  Mechanic 

Chemical  Equipment 
Repairman 


Fuel  &  Electrical 
Syetema  Repairman, 
Automotive  Repair-* 
man,  Tank  Syatema, 
Mechanic 


Unit  Supply  Syatam 


31  e  Maintenance 

41  e  Maintenance 

44  e  Maintenance 

45  e  Maintenance 

54  e  Maintenance 

S3  e  Maintenance 

76  e  Support 


Related 

Hardware 

Characteristic* 


e  All  *ubsy*tem* 
requiring  crew- 
level  maintenance 

e  Communication* 
Equipment  (Field 
radio  and  COMSEC 
Equipment) 


e  Fire  Control 


e  Hull  and  Turret 
(Structure) 

e  Turret  (Armament) 


e  Special  Equipment 
(Chemical  Equipment 
protective  maeka, 
•moke  generators, 
flame  weapons, 
decontamination 
equipment) 

e  Suspension,  Power 
Package,  Auxil¬ 
iary  Automotive 
(Chassis,  Fuel 
and  Electrical 
Systems) 

e  Non-hardware 
specific 


,1/The  MOS  designator  of  11  has,  since  the  Ml  Concept  Exploration 
*“  Phase,  been  changed  to  19. 


Exhibit  IV-1.  RELATIONSHIP  OF  OCCUPATIONS 
TO  HARDWARE  CHARACTERISTICS 
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third  character  of  tha  MOS  coda  has  baan  sup rasa ad  and  tha 
ralatad  requirements  hava  baan  combinad  undar  tha  first  two 
characters.  This  was  dua  to  tha  inability  to  predict  tha  speci¬ 
fic  designator  which  would  be  used  for  a  future  tank.  For  tha 
requirements  that  wore  not  identified  by  a  specific  MOS,  such  as 
those  relating  to  maintainability  predictions  for  the  MBT-70,  tha 

relevant  MOS  group  was  deduced  from  AR  611-201.  .As  can  be  seen 

•  • 

in  Exhibit  IV- 1 ,  there  are  oases  where  multiple  maintenance  or 
support  functions  (i.e.,  occupation  titles)  were  identified  with 
a  single  MOS  group.  In  those  cases,  individual  requirements  for 
the  MOS  group  for  each  function  were  calculated  and  added 
together. 


b.  Allocation  of  Manpower  Requirements  to  PRO,  PS  and 
bd  doheloris 

Another  characteristic  which  must  be  incorporated 
in  the  manpower  requirements  estimate  is  the  distribution  of 
maintenance  manhours  in  the  three  below  depot  echelons .  Bach  of 
the  different  echelons  has  a  different  amount  of  wartime  availa¬ 
ble  productive  manhours  due  to  doctrinal  assumptions  about  the 
frequency  of  unit  relocations  during  oombat  operations.  In  order 
to  aonvert  the  estimated  maintenance  manhours  into  the  personnel 
required  in  each  echelon,  it  is  necessary  to  determine  appro¬ 
priate  workload  distribution  rules .  Allocation  of  below  depot 
level  maintenance  during  the  very  early  stages  of  the  acquisition 
process  is  likely  to  be  hampered  by  lack  of  a  definitive  main¬ 
tenance  concept.  In  such  instances  it  is  useful  to  assume  that 
the  allocation  of  the  below  depot  level  maintenance  tasks  observed 
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for  the  baseline  system/subsystems  will  apply  to  the  new  weapon 
system.  *  Given  the  below  depot  level  manpower  requirements  esti¬ 
mates,  adjustment  of  the  allocation  of  these  requirements  among 
the  ORG,  DS  and  GS  echelons  may  be  made  an  more  detailed  mainten¬ 
ance  plans  are  formulated  and  made  available  to  the  manpower 
analyst . 

For  the  HI  demonstration  of  the  methodology,  dis- 
aggregation  of  the  input  data  into  the  relevant  echelons  followad 
this  schemet 

e  Input  data  that  came  from  Army  manpower  requirements 

documents  (i.e.,  AMIM,  AR  570-2)  were  originally  broken 
out  into  ORG,  DS  and  GS  echelons .  That  breakout  was 
preserved  When  processing  this  data  into  EMREM  esti¬ 
mates  —  with  one  exception  which  is  noted  below. 

e  Manpower  requirements  predictions  taken  from  the  life 
cycle  cost  analysis  for  the  MBT-70  were  not  broken  out 
by  the  Army  into  ORG,  DS  and  GS  echelon*.  For  this 
study,  these  data  were  broken  cut  into  ;-.h»  relevant 
echelons  in  accordance  with  AR  570-2. 

In  the  separation  of  the  input  data  into  the  below  depot  level 
echelons,  there  was  one  exceptional  caaet  MOS  group  45,  whose 
maintenance  activities  are  chiefly  associated  with  the  tank  tur¬ 
ret.  While  the  source  of  input  data  for  this  MOS  group  (AR 
570-2)  showed  no  ORG  level  maintenance  manpower  requirements,  the 
MN(ED)  makes  it  clear  that  there  will  be  ORG  level  tank  turret 
maintenance  performed  on  the  new  weapon  system  (i.e.,  the  M-l). 
For  this  MOS  group  the  allocation  appearing  in  the  FY  82  AMIM  for 
the  M60A3  was  adopted. 

As  a  result  of  the  above  procedures,  three  sets  of  raw 
input  data  were  obtained,  one  set  for  each  relevant  echelon. 

While  the  manner  in  which  the  input  data  were  disaggregated  into 


the  below  depot  level  echelons  for  this  demonstration  may  appear 
subjective,  it  should  be  noted,  for  benchmarking  purposes,  that 
this  allocation  does  not  affect  the  aggregate,  below  depot  level 
EMREM  estimates • 

c.  Reconciliation  of  the  Data 

As  noted  earlier,  the  purpose  of  this  study  was 
the  development  and  demonstration  of  a  methodology  for  estimating 
weapon  system  manpower  requirements  early  in  the  design  process . 

A  significant  question  that  must  be  addressed  is  the  type  of  man¬ 
power  estimate  to  be  developed.  Part  of  the  problem  associated 
with  determining  this  involves  the  identification  of  the  version 
of  manpower  requirements  to  be  approximated,  namely  staffing 
estimates,  wartime  or  peacetime  requirements.  Greater  emphasis 
has  been  placed  more  recently  on  distinguishing  between  wartime 
operational  requirements  as  distinot  from  peacetime  readiness 
needs.  Generally  speaking,  currently  generated  organizational 
unit  manning  requirements  are  designed  to  reflect  wartime  staff¬ 
ing  requirements.  This  is  particularly  true  of  the  estimates 
developed  for  the  time  period  of  interest  in  this  demonstration. 
For  this  reason  our  estimates  have  been  designed  to  approximate 
the  type  of  estimate  the  Army  would  ultimately  develop,  staffing 
estimates.  This  was  somewhat  unavoidable  due  to  our  necessary 
dependence  on  historical  data.  However,  in  an  effort  to  explore 
the  possibilities  for  estimating  both  wartime  and  peacetime 
requirements  we  have  parametrically  developed  data  for  such  a 
calculation.  Tha  demonstration  of  this  experimental  analysis  is 
given  in  Appendix  E. 


The  manpower  data  used  in  this  application  of 


EMREM  oome  from  three  basic  sources t 

•  AR  570-2#  the  Army  Regulation  containing  the  personnel 
authorisation  tables  for  the  MACRXT# 

•  the  FY  82  AMXM  for  the  M60A3  Main  Battle  Tank#  and 

•  the  kife  Cycle  Cost  Analysis  Report  I  of  the  MBT-70 
Producibi ilty/Cost  deduction  Study. 

The  first  two  data  sources  show  maintenance  man- 

M 

hours  for  various  MOSs#  given  an  annual  usage  rate  of  1000  miles. 
The  third  source  shows  average  manhours  per  mile  for  tank  subsys¬ 
tems#  with  the  average  taken  over  a  simulated  .10  years  of  opera¬ 
tion  at  3000  miles  per  year* 

Our  reconciliation  of  the  data  so  that  they  are 
more  compatible  is  a  two-step  processi 

s  First#  we  convert  tho  data  to  a  common  usage  rate# 

1000  miles  per  year#  bv  multiplying  the  manhour  per 
mile  data  for  the  MBT-70  by  1000. 

•  Second#  the  EMREM  objective  is  to  predict  personnel 
requirements  that  are  compatible  with  those  obtained  by 
the  Army  for  staffing  purposes  (i.e.#  MACRIT).  Thus# 
the  AMXM  and  Life  Cycle  Cost  Analysis  Report  I  data  on 
total  vehicle  maintenance  manhour  requirements  are 
inflated  to  3000  productive  manhours  per  1000  miles  of 
vehicle  operation  in  order  to  then  adjust  the  indivi¬ 
dual  subsystem  values  in  these  two  documents  so  as  to 
be  suitable  for  use  as  analogs.  This  produced  a  total 
vehicle  maintenance  requirement  of  approximately  one 
and  one  quarter  productive  manyears  per  1000  miles  per 
year.  That  estimate  is  more  consistent  with  MACRIT 
findings  to  date  for  main  battle  tanks. 

Xn  the  first  step  above#  the  1000  miles  per  year 
figure  serves  only  to  reconcile  the  data  around  the  same  usage 
rate  so  that  the  scaling  to  3000  manhours  may  be  done.  The  EMREM 
computer  program  is  capable  of  applying  a  range  of  annual  usage 


rates,  converting  input  data  specified  as  X-maintenance  hours  per 
Y-miles  to  a  common  number  of  hours  over  all  input  data. 


Regarding  the  second  step,  while  the  3000  produc¬ 
tive  manhours  per  1000  miles  figure  has  been  used  as  the  base  for 
the  various  requirements,  it  is  not  meant  to  endorse  this  value. 
Rather,  it  is  considered  an  appropriate  assumption  when  the 
objective  is  to  predict  manpower  requirements  that  are  consistent 
with  the  Army's  notion  of  MBT  maintainability. 

There  is  an  additional  embedded  assumption  imposed 
regarding  the  impact  of  usage  rates  in  this  application  of  EMREM, 
A  linear  relationship  is  assumed  to  apply  between  usage  and  man¬ 
power  requirements.  Specifically,  if  tank  operation  is  increased 
n-times,  in  terms  of  miles  per  period  of  time,  then  manpower 
requirements  incroase  n-tlmes.  Research  to  date  has  not  revealed 
the  documentation  of  the  Army's  assumption  concerning  this  rela¬ 
tionship. 

Criticism  of  this  assumption  would  undoubtably 
focus  on  its  appropriateness  for  only  certain  tank  components 
such  as  .tho  engine,  transmission,  tracks,  road  wheels,  suspension 
and  other  components  whose  usage  rate  is  most  directly  tied  to 
miles  traveled  by  the  tank.  That  is,  while  a  tank  might  travel 
twice  as  many  miles  under  an  alternative  operating  scenario,  it 
might  only  fire  its  main  armament  half-again  as  many  times. 

Thus,  strictly  speaking,  using  miles  traveled  as  an  index  of 
usage  rate  might  lead  to  more  meaningful  scaling  of  engine  main¬ 
tenance  requirements  than,  for  example,  main  armament  maintenance 
requirements. 
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Unfortunately*  "mile*  traveled"  data  were  the  only 
available  data  on  vehicle  usage  rates.  To  ignore  miles  traveled 
When  looking  at  the  input  data  on  manpower  requirements  would  be 
a  less  satisfactory  procedural  assumption.  Should  more  complete 
usage  rate  data  become  available  for  EMREM  applications  to  other 
weapon  systems*  the  EMREM  computer  program  could  be  easily  modi¬ 
fied  in  order  to  exploit  this  information. 

d.  Determination  of  the  Number  of  Tanks  per  Battalion 
In  the  change  from  H-series  TOEs  to  J-series  TOEs* 

the  number  of  tanks  per  battalion  rose  from  54  to  58.  This  is  a 

* 

doctrinal  change  Which  could  not  have  been  predicted  during  the 

* 

Ml's  Concept  Exploration  Phase.  80,  although  this  violates  the 
intention  of  developing  a  "pure"  Conaept  Exploration  Phase  esti¬ 
mate*  the  58  tank  battalion  was  used  as  the  basis  for  developing 

i 

the  battalion  manpower  requirements  for  the  Ml.  Had  the  54  tanks 
per  battalion  been  used*  the  manhour  estimates  would  be  decreased 

i 

by  approximately  seven  peraent  due  to  this  assumption  alone . 

e.  Conversion  of  Manhours  to  Nuiribers  of  Personnel 
The  conversion  of  manhours  to  numbers  of  personnel 

is  accomplished  by  means  of  average  available  productive  manhour 
( AAPMH )  factors*  such  as  those  described  in  AR  570-2.  These  fac¬ 
tors  reflect  the  estimated  number  of  hours  available  for  produc¬ 
tive  work  per  year  for  the  individuals  engaged  in  particular 
types  of  maintenance.  In  calculating  the  requirements  for  each 
eohalon*  the  EMREM  program  uses  a  range  of  AAPMH  factors  as 

IV-12 

acaaHwaafi£  mam  ease  gassac  sa  ujumkokh  kmuskmb  kb  us  >r*  ssjcskb 


input,  sine*  there  is  considerable  doubt  cast  on  the  applicabil¬ 
ity  o£  currently  available  AAPMH  factors*  There  is  also  some 
question  as  to  the  effectiveness  of  using  a  single  factor,  versus 
a  range,  in  calculating  organisational  unit  requirements. 

Por  ORG  echelon  maintenance  and  support  personnel 
requirements  calculations,  the  AR  570-2  TOE  Category  I  AAPMH 
value  of  2500,  plus  and  minus  10  percent,  was  employed.  Simi¬ 
larly,  DS  echelon  calculations  use  an  AAPMH  value  of  2700  (TOE 
Category  II),  plus  and  minus  10  percent,  and  GS  echelon  calcula¬ 
tions  use  a  value  of  3100  (TOE  Category  III),  plus  and  minus  10 
percent.  The  purpose  of  using  the  AR  570-2  factors  plus  and 
minus  10  percent  is  to  aoknowledge  that  other  factors  besides 
unit  type  (i.e.,  ORG  vs.  D8  vs*  GS)  influence  availability  of 
productive  manpower, 

While  the  quotient  of  the  manhour  requirements  and 
the  AAPMH  factor  need  not  be  a  whole  number,  the  personnel  auth¬ 
orisations  for  a  particular  unit  (e.g.,  a  DS  maintenance  company) 
must  be  expressed  in  terms  of  whole  people.  Therefore,  these 
quotients  must  be  rounded.  A  convention  has  been  used  in  this 
analysis  concerning  rounding  to  the  next  whole  person.  Since 
rounding  down  always  results  in  greater  workloads  (per  man), 
explicit  consideration  was  given  to  the  situations  in  which 
rounding  was  required. 

The  criterion  used  in  applying  the  rounding  rule 
has  been  if  rounding  down  means  more  than  ten  percent  more  work 
per  year,  per  man,  then  rounding  upward  is  to  be  done.  However, 
use  of  this  rule*"was  modified  in  that  if  satisfaction  of  the 
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former  condition  implies  that  personnel  involved  arc  aach  working 
at  less  than  90  paraant  of  the  AAPNH  factor#  than  rounding  down¬ 
ward  prevails.  This  latter  stipulation  prevents  over-estimation 
of  personnel  requirements.  This  convention  was  used  rather  than 
simply  rounding  to  the  nearest  integer#  sinoe  it  allows  for  the 
more  explicit  balancing  of  workload.  For  further  details  on 
these  calculations,  consult  Appendix  C. 

f .  Selection  of  Personnel  Range-generating  Criteria 

To  establish  a  range  of  personnel  requirements  for 
'  each  occupation  (i.e.,  MOS)  group#  EM REM  uses  as  input  a  range  of 
values  for  usage  rates  and  for  the  AAFMH  factor.  In  the  Concept 
Exploration  Phase  only  a  tentative  estimate  of  the  planned  usage 
rate  is  available.  For  this  reason  a  range  of  usage  rates  has 
been  used  ih  this  analysis.  Regarding  the  use  of  a  particular 
AAPMH  factor#  questions  egneerning  the  validity  of  any  one  factor 
value  induce  the  use  of  a  range  of  values  in  this  study. 

Strictly  speaking,  practieally  any  of  the  assump¬ 
tions  that  ars  invoked  in  the  calculation  of  these  manpower 
requirements  estimates  could  serve  as  the  basis  for  generating 
ranges.  For  sxample#  the  number  of  MBTs  per  organisational  unit 
could  have  been  varied.  Users  of  EMREM#  such  as  the  Program 
Manager#  have  the  option  of  varying  any  of  the  assumptions  used 
to  develop  the  estimates.  However,  varying  such  key  parameters 
was  deliberately  restricted  in  this  demonstration  so  as  to  avoid 
obscuring  the  results. 

By  following  through  the  discussion  of  ths  assumptions 
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made  in  EMREM  calculations,  it  should  bs  clear  as  to  how  the  raw 
data  is  used  to  develop  an  estimate  of  personnel  requirements . 
These  requirements  are  displayed  in  Exhibit  tv-2.  For  further 
elaboration  on  the  mechanics  of  the  calculations,  consult  the 
EMKEM  computer  program  documentation  in  Appendix  C. 

2.  Translation  of  Manpower  Requirements  Estimates  into 

Aptlltlude  'Clusters 

The  final  step  in  the  development  of  the  EMREM  esti¬ 
mates  involves  the  translation  of  these  estimates  into  Aptitude 
Clusters.  In  this  demonstration  of  the  methodology,  a  subset  of 
the  total  steady-state  manpower  requirements  estimates  was  trans¬ 
lated.  This  subset  consists  of  ORQ  apprentice  enlisted  person¬ 
nel.  Apprentice  personnel  are  defined  to  be  those  personnel  at 
pay  grades  E-4  and  lower,  or,  equivalently,  skill  level  1.  Only 
OM  apprentice  personnel  requirements  oould  be  mapped  into  Apti¬ 
tude  Clusters.  There  are  two  reasons  for  this.  First,  the 
translation  of  the  estimates  into  aptitude  dusters  requires  pay 
grade  or  skill  level  information  on  those  M08  groups  for  which 
estimates  are  calculated.  This  is  because  the  Aptitide  Clus¬ 
ters,  in  their  present  stage  of  development,  apply  only  to 
apprentice  enlisted  personnel.  Second,  there  is  a  lack  of  suita¬ 
ble  pay  grade  and  skill  level  data  at  DS  and  OB  levels  (discusaed 
below)  that  would  enable  the  calculation  of  apprentice  require¬ 
ments  by  cluster. 

The  translation  of  the  EMREM  estimates  (broken  out  into 
MOB  groups)  into  Aptitude  Clusters  is  summarised  by  the  following 
two  steps  t 


IV-15 


V 

KeB ■ 

Low 

■TTTT— 

■jots 

\ 

AAPMH 

USAGE  RATE 

2750 

2250 

2970 

2430 

3410 

n 

MOS  \ 

(MI/TR) 

600 

1200 

800 

1200 

800 

ii  y 

220 

232 

0 

0 

0 

0 

31 

* 

3 

4 

2 

3 

1 

l 

41 

l 
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2 

3 
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0 

1 

1 

1 

1 

45 
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8 

5 

8 

3 

5 

54 

1 

1 

1 

1 

1 

1 

63 

14 

27 

11 

20 

5 

9 

76 

0 

1 

0 

0 

0 

0 

1/  The  high  value  represents  four  enlisted  crewman  for  each  of  50 
tanka*  The  low  value  recognises  that  as  many  as  12  of  the 
crewmen  may  be  officers,  and  we  are  only  estimating  enlisted 
personnel  requirements. 


Exhibit  IV-2.  ENLISTED  PERSONNEL  REQUIREMENTS  SUMMARY l 

ORQ,  DS  AND  QS  LEVELS  (PER  58  TANK  BATTALION) 
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•  determine  the  requirements  for  apprentice  enlisted 
personnel,  and 

e  aggregate  apprentice  personnel  requirements  into  Apti¬ 
tude  Clusters* 

Once  again,  it  should  toe  noted  that  this  translation  could  only  be 
performed  for  apprentice  personnel  at  the  ORQ  echelon. 


a.  Determination  of  Apprentice  Enlisted  Personnel 
Requirements 

l 

None  of  the  documents  that  provided  input  data  for 
the  Ml  tank  demonstration  of  BMRBM  included  pay  grade  or  skill 
level  information.  (This  information  is  provided'  in  terms  of  MOS 
descriptions  in  AR  611-201.)  However,  toy  virtue  of  toeing  able  to 
inspect  an  M60A1  tank  battalion  TOS,  the  pay  grade  or  skill  level 
structure  for  ORO  echelon  maintenance  and  support  could  toe  asoer- 

i 

tained.  The  TOB  used  for  this  purpose  in  this  study  is  TOE  num¬ 
ber  17-3 5H,  dated  November  1970.  That  TOB  contains  the  personnel 
slots  for  0R0  echelon  maintenance  and  support  activities  associ¬ 
ated  with  the  M60A1  (the  only  deployed  baseline  system  used  in 
this  study) . 


The  apprentice  personnel  requirements  are  extra¬ 
polated  from  the  BMREM  0A0  echelon  estimates  toyi 

e  summing  the  personnel  authorisations  in  the  TOE  for 
each  MOB  group, 

e  summing  the  personnel  authorisations  at  pay  grades  E-4 
and  below  for  each  MOS  group  —  i.e.,  summing  the 
apprentice  positions, 

e  calculating  the  ratio  of  apprentice  authorisations  to 
total  number  of  authorisations  for  each  MOS  group,  and 

e  multiplying  the  EMREM  ORO  personnel  requirements  (for 
each  MOS  group)  toy  these  ratios  and  rounding  to  the 
nearest  integer,  where  necessary. 
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I 

I 

The  results  of  Applying  these  steps  to  the  EMREM  ORG  echelon 
■  estimates  are  summarised  in  Exhibit  IV-3. 

I 


19 

EMREM  Personns 
■  *8tiir 

1  Requirements 

fate 

LOW 

Hioh 

li  V 

101 
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31 

2 

2 

45 

3 

5 

63 

9 

16 

76 

0 

1 

1/  MOS  Group  11  is  now  MOS  Group  19 

i 

Exhibit  IV-3.  APPRENTICE  OPERATION  AND  MAINTENANCE 
PERSONNEL  REQUIREMENTS  (ORG  ECHELON) 

A  similar  approaoh  for  determining  pay  grade/skill 
level  structure  for  maintenance  personnel  at  the  D8  and  GS  eche¬ 
lons  was  not  feasiblo  because  the  TOEs  containing  the  authoriza¬ 
tions  for  maintenance  personnel  at  those  echelons  are  such  that 
identification  of  M60Al-dedicated  personnel  is  not  possible. 

That  is.  DS  and  GS  maintenance  personnel  for  tanks  are  employed 
in  units  which  also  repair  all  other  traoked  vehicles  (e.g., 

APCsr  SP  guns,  engineer  equipment,  etc*).  The  TOEs  for  such 
units  are  summarized  by  MOS  thus  making  it  difficult  to  determine 
the  skill  level  of  MOS  groups  involved  in  maintenance  of  tanks 
but  not  other  materiel.  While  the  general  lack  of  pay  grade/ 
skill  level  information  in  the  documents  used  as  input  for  this 
study  hampered  the  translation  of  manpower  requirements  estimates 
into  Aptitude  Clusters,  this  need  not  be  the  casut  for  application 
of  the  methodology  to  other  weapon  systems.  Moreover,  it  need 
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not  be  the  case  for  applications  of  the  methodology  on  future 
MBTs  • 


b.  Aggregation  of  MOS  Group  Requirements  into  Aptitude 
clusters 


The  final  step  in  the  translation  of  our  estimates 
into  Aptitude  Clusters  involves  the  mapping  of  MOS  groups  into 
Aptitude  Clusters.  A  review  of  the  definitions  of  the  Aptitude 
Clusters  developed  in  Task  2  of  this  study  is  inoluded  in  Appen¬ 
dix  D  of  this  report.  The  assignment  of  MOSs  to  Aptitude  Clus¬ 
ters  is  presented  in  the  MCR  technical  report  Aptitude  Content 
of  the  Mon-Prior  service  Youth  and  Enlisted  Apprentice  Popula¬ 
tions!  1982-2010.  Where  there  were  two  or  more  MOS  groups  in 
a  single  cluster,  we  have  added  the  associated  requirements. 

Only  one  of  the  ORQ  level  MOS  groups  appears  in 

more  than  one  Aptitude  Cluster j  MOS  group  45  appears  in  the  Tech- 

* 

nioal  end  Meohanioal  Aptitude  Clusters.  This  apparent  ambiguity 
was  easily  resolved  by  noting  that  virtually  all  of  the  ORQ  level 
manpower  requirements  for  MOS  group  45  fall  into  the  Mechanical 
cluster.  These  ORQ  level  45s  are,  using  the  three-digit  MOS 
code  (at  least  for  the  M60),  45Ns.  These  are  dedicated  (system- 
specific)  tank  turret  mechanics. 

Thus,  this  final  step  in  the  conversion  to  Apti¬ 
tude  Clusters  is  no  more  than  a  table  look-up  procedure.  The 
final  results  of  the  conversion  to  Aptitude  Clusters  are  summar¬ 
ised  in  Exhibit  IV-4 . 
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I. 


Cluster 
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EMREM 

_ Cluster  Total _ 

Low 
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19 (B, E,K )!/ 
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Technical 
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0 

« 

31(E,8,V) 

2 

2 

2 

2 

Mechanical 

45(N) 

3 

5 

- 
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63(0, H,N) 

9 

16 

12 

21 

Administrative/ 

76(Y> 

0 

1 

0 

1 

Clerical 

U  MOS  Group  11,  crow#  is  now  19. 

Exhibit  IV-4.  ORG  LEVEL  APPRENTICE  OPERATORS  6  MAINTENACE 
PERSONNEL  BY  APTITUDE  CLUSTER  (PER  58  TANK 
BATTALION ) 

C.  VALIDATION  OP  THE  EMREM  RESULTS  FOR  THE  Ml  TANK 

In  thia  subsection,  tha  maintenanca  and  support  manpower 
requirements  aatimataa  produoad  by  EMREM  ara  compared  with  the 
Army'a  actual  manpower  raqulramanta  axparianca  with  tha  Ml,  The 
comparison  is  dona  at  tha  MOS  group  level  as  opposed  to  tha  Apti¬ 
tude  Cluster  level  no  as  to  allow  a  more  complete  and  more 
rigorous  evaluation  of  tha  results. 

Tha  initial  consideration  in  thia  phase  of  tha  analysis  was 
tha  choice  of  benchmark  data*  Tha  choice  was  between  the  most 
recent  Army  Modernization  Information  Memorandum  (AMIM)  for  the 
Ml  tank  and  the  most  recent  Sample  Data  Collection  (SDC)  results. 

The  FY82  AMIM  was  selected  as  the  source  of  benchmark  data, 
againat  which  the  estimates  were  compared.  This  choice  was  made 
because  the  AMIM  is  the  document  which  the  Army  indicates  is  the 
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most  accurate  summary  of  racsnt  manpower  requirements  proposed 
for  a  major  weapon  system.  Moreover,  the  AMIM  plays  an  active 
role  in  annual  programming  decisions  regarding  manpower  (and 
materiel)  resources. 

Xt  should  also  be  mentioned,  however,  that  the  manpower 
requirements  suggested  by  the  FY82  AMXM  differ  dramatically  from 
those  of  the  most  recent  8DC.  The  AMXM  total  vehicle  manpower 
requirements  per  mile  of  vehicle  operation  are  about  5.5  times 
greater  than  the  SDC  manpower  requirements.  However,  it  is 
unclear  why  this  is  so. 

FY82  AMXM  manpower  requirements  for  the  Ml  are  given  as  man¬ 
hours  required  for  each  relevant  (three  character)  MOS  to  main¬ 
tain  and  support  the  representative  tank  at  the  ORO,  DS  and  QS 
levels  for  1000  miles  (one  year)  of  operation.  To  make  these 
data  comparable  with  RMREM  results,  one  must  aggregate  the  AMXM 
manpower  requirements  within  each  MOS  group;  i.e.,  one  must  add 
the  manpower  requirements,  for  the  first  two  characters  of  the 
MOS  code,  over  the  third  character  of  the  MOS  code.  The  result 
of  this  process  is  a  rearraying  of  the  AMXM  data  by  MOS  group. 

Given  this  pearraying,  the  ranges  of  below  depot  level  man- 
hour  requirements  per  tank  can  then  be  compared  to  the  AMXM  below 
depot  level  requirements.  (This  is  a  valid  comparison  even 
though  the  final  reaults  are  expressed  as  numbers  of  personnel 
from  each  MOS  group  required  to  maintain  and  support  58  tanks.  ) 
Exhibit  IV-5  shows  the  EMREM  estimates  and  the  FY82  AMXM  data,  as 
well  as  the  QQPRX  data.  The  MOS  groups  shown  in  Exhibit  IV-5  are 


those  represented  in  at  least  one  of  the  Army  documents  used  in 
this  study. 

Finally,  Exhibit  IV-6  shows  the  total  vehicle  maintenance 
manhour  requirements  per  mile  of  operation  estimated  by  EMREM 
against  the  same  figure  as  reported  by  the  AMXM,  SDC,  MACRIT  and 

•t  ^ 

QQPRI.  EMREM  enlisted  crew  manpower  estimates  (numbers  of  per¬ 
sonnel)  are  shown  agains  Ml  TOE  requirements. 

These  estimates  are  much  greater  than  the  findings  of  the 
SDC  due  to  the  reconciliation  of  the  manpower  data  around  a  total 
vehicle  maintenance  manhour  requirement  of  approximately  one  and 
one  quarter  productive  manyears  per  1000  miles  per  year  of  MBT 
usage.  This  is  also  responsible  for  the  relative  proximity  of 
the  EMREM  estimates  to  the  AMXM,  QOPRX  and  MACRIT  values. 


Ml  Maintenaca  Manhours  Pt  Tank!/ 
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1243 

76 

4 

6 

* 

* 

TOTAL 

2647 

3971 

2279 

• 

2546 

*Not  calculated  by  EMREM  or  not  givan  in  tha  Dec  79  OOPRI  or  FY82 
AMIM. 


Note t  Tha  QQPRI,  AMIM  and  EMREM  estimates  each  call  for  a  four- 
man  craw  par  tank. 


1/  Fractional  hours  have  bean  rounded  for  all  estimates. 


Exhibit  XV-5,  COMPARISON  OF  EMREM  AND  ARMY  REQUIREMENTS 
ESTIMATES 
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Eat 1 mat ion  Source 

Ml  TVMMH  Per  Mile 

EMRBM 

3.31 

AMIM 

2.55 

SDC 

0.47 

MACRIT 

3.30  y 

QQPRI 

2.281/ 

1/  MACRIT  and  00PR1  TVMMH  valuta  hava  baan  calculated  baaed  on 
the  uaage  rata  usad  by  tha  Army  (1000  mllaa  par  yaar). 


Exhibit  1V-6.  Ml  TOTAL  VEHICLE  MAINTENANCE  MANHOUR 

(TVMMH)  REQUIREMENTS  PER  MILE 
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V.  SUMMARY  AND  CONCLUSIONS 


This  ssction  briefly  summarizes  NCR's  experience  in  demonr 
strating  EMRSM  on  ths  Ml  Main  Battls  Tank,  and  presents  ths 
major  conclusions  rssulting  from  this  effort. 

A.  8UMMARY 

As  noted  in  Ssction  I,  there  were  a  number  of  purposes  asso¬ 
ciated  with  this  study.  This  discussion  focuses  on  the  findings 
related  to  those  points. 

Of  initial  Interest  was  determining  whether  weapon  system 
manpower  estimates  could  be  developed  earlier  in  the  systems 
acquisition  process  than  the  Services  generally  develop  them. 

This  demonstration  has  verified  that  such  estimates  can  be  devel¬ 
oped*  in  the  case  of  the  Army*  before  DSARC  Milestone  II*  the 
point  when  these  estimates  are  normally  developed.  How  much 
earlier  than  this  depends  on  a  number  of  considerations.  As 
noted  in  Section  II,  a  data  requirement  of  oritical  importance  is 
the  mission  need  statement,  which  initiates  the  program.  No 
application  of  this  analysis  is  possible  without  that  document. 
However,  since  this  is  fundamentally  a  comparability  analysis, 
the  availability  of  data  on  the  baseline  system  or  systems  is 
also  essential.  As  shown  in  this  historical  reconstruction,  lack 
of  available  data  on  the  baseline  system  dan  sorely  hamper  the 
ability  to  construct  an  adequate  estimate.  The  alternative  is 
the  more  costly  development  of  new  data  and  the  performance  of 
new  analyses. 
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Based  on  this  experience,  a  preliminary  list  of  minimum  data 
requirements  has  been  developed.  For  the  new  system  to  be  devel¬ 
oped  the  analyst  needs t 

e  a  description  of  the  required  performance  characteris¬ 
tics#  if  possible,  by  subsystem} 

•  planned  usage  rates,  preferably  for  both  wartime  and 
peacetime  operating  scenarios} 

•  the  type  and  sise  of  the  organizational  unit  in  which 
the  system  will  be  deployed} 

•  the  planned  sise  of  the  crew  or  intended  number  of 
operators  per  system,  and 

•  the  concept  of  operations  and  maintenance  (wartime 
and  peacetime  separately,  if  they  will  be  different). 

In  addition  to  these  data  on  the  new  system,  specific  data 
are  also  required  on  the  baseline  system  or  systems,  including i 

e  reliability  and  maintainability  parameters  and 
values  for  each  baseline  subsystem} 

e  system  and  subsystem  (wartime  and  peacetime)  usage 

rates} 

e  the  quantity  of  manpower  by  occupational  type  and 

skill-level  required  by  the  system,  within  the  organi¬ 
sational  unit  in  which  it  is  deployed} 

e  the  (wartime  and  peacetime)  concept  of  operations  and 
maintenance}  and 

e  any  system  peculiar  maintenance  characteristics  of  the 
fielded  system. 

While  these  are  minimum  data  required  to  effectively  esti¬ 
mate  weapon  system  manpower  requirements  early-on,  it  is  impor¬ 
tant  to  keep  in  mind  that  additional  data  is  always  desirable. 
Therefore,  development  of  data  bases  such  as  those  described  in 
MIL-8TD-1388-1A  will  almost  certainly  increase  the  effectiveness 
of  the  estimate  development. 
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As  noted  in  the  discussion  of  the  data  availability,  distinc¬ 
tions  must  be  made  between  data  currently  generated  by  the  Army 
in  the  Concept  Exploration  Phase,  data  developed  in  the  Ml  Con¬ 
cept  Exploration  Phase,  and  data  now  obtainable  from  the  earlier 
period.  The  incompleteness  of  the  historical  file  of  Ml  Concept 
Exploration  Phase  data  severely  influenced  MCR's  development  of  a 
"pure"  pre-DSARC  I  estimate.  However,  .documents  available  at  that 
time  would  have  allowed  the  development  of  such  an  estimate. 

* 

Since  that  time,  the.  Army  has  instituted  the  development  of  new 
data  systems  such  as  the  AMIM  and  Sample  Data  Collection  which 
will  facilitate  much  more  effective  estimating  for  future  sys¬ 
tems.  Xn  addition,  programs  are  underway  to  significantly  improve 
the  Army's  early  weapon  system  manpower  requirements  estimating. 
For  these  reasons  we  believe  that  early  estimates  can  be  devel¬ 
oped  using  existing  documentation. 

However,  the  current  ability  to  produce  a  comprehensive 
array  of  life  cycle  manpower  estimates  is  somewhat  impaired  in 
the  current  documentation  process.  This  is  largely  due  to  the 
lack  of  sufficiently  detailed  longitudinal  data  on  subsystems  to 
be  able  to  effectively  interpret  the  stage  in  the  systems'  life 
cycle  represented  by  the  data.  Because  the  comparability  analy¬ 
sis  requires  utilization  of  historical  data  on  baseline  systems, 
this  strongly  influences  the  development  of  life  cycle  estimates. 
Implementation  of  the  MIL-STD-1388-1A  requirements  for  develop¬ 
ment  of  .system  life  cycle  estimates  will  greatly  enhance  the 
Services'  capability  to  produce  similar  manpower  estimates. 


Finally#  concerning  the  question  of  the  level  of  detail 
sufficient  to  generate  a  reasonable  estimate#  this  demonstration 
has  shown  that  major  subsystem  data  are  sufficient.  While 
detailed  data  on  components  are  useful  for  distinguishing  similar 
subsystems  from  each  other#  alternative  technical  data  sources 
were  found  to  be  sufficient.  Also#  in  the  very  early  stages  of  a 
system  design#  major  subsystems  are  largely  the  only  level  of 
detail  available#  and  these  may  frequently  be  tentative. 


B.  CONCLUSIONS 

The  following  are  NCR's  conclusions  associated  with  the 
development  and  demonstration  of  the  Early-on  Manpower  Require¬ 
ments  Estimation  Methodology  ( EMRBM ) . 

e  Manpower  estimates  approximating  ultimate  staffing 

requirements  can  be  developed  in  the  Concept  Explora¬ 
tion  Phase  for  Army  main  battle  tanks#  given  currently 
developed  documents.  However# 

-  the  confidence  in  the  actual  estimate  largely 
depends  on  the  reliability  of  the  data  sources 
used;  and 

-  peacetime  and  wartime  manpower  estimates  will 
require  more  discretely  developed  and  documented 
data  on  usage  rates  and  AAPMH  than  are  currently 
available. 

e  The  EMREM  approach  developed  in  this  study  is  consis¬ 
tent  with  the  comparability  analysis  outlined  in 
MIL-8TD-1388-1A.  The  types  of  data  required  for  EMREM 
are  nimilar  to  those  developed  in  the  LSA  except  thati 


EMREM  requires  generally  less  detailed  data  on 
subsystems;  and 

EMREM  analysis  is  intended  to  be  performed  in  a 
particular  phase  of  the  system  acquisition#  gene¬ 
rally  earlier  than  the  LSA  manpower  requirements 
analysis  is  to  be  performed. 
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MCR  believes  that  it  is,  dssirabls  to  perform  this  analy 
sis  as  sarly  as  possible  in  ths  acquisition  process, 
as  ths  information  produced  can  contribute  to  the  devel 
opmsnt  of  a  more  supportable  system.  Particular  analy¬ 
tical  requirements  of  LSA  can  be  effectively  supported 
by  the  results  of  this  analysis. 
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As  part  of  the  research  .required  to  develop  the  hardware 
characterization  for  the  conceptual  Ml  MBT,  MCR  has  documented 
the  history  of  ths  recent  development  of  the  U.S.  Main  Battle 
Tanks.  This  is  summarized  below.  Exhibit  A-l  illustrates  the 
evolution  of  U.S.  Main  Battle  Tank  development  from  1958  to  1983. 

in  the  late  1950s «  it  was  determined  that  an  up9raded  ver¬ 
sion  of  the  M48  series  tanks  was  required.  The  new  tank  was  to 
possesst 

i 

e  an  improved  operational  range  and  mobility, 
e  a  minimum  of  refueling  and  servicing,  and 
•  an  improved  main  armament. 

Modifications  were  made  to  three  M48  tanks  to  incorporate  a  new 
powerpack  and  an  M68  cannon.  The  redesigned  M48s  became  the  XM60, 
which  was  fielded  by  the  U.S.  Army  in  1960. 

In  1962,  the  M60  tank  was  replaced  in  production  by  the  M60A1. 
The  primary  modifications  included i 

e  a  redesigned  "needle-nose"  turret, 

e  greater  ballistic  protection,  and 

e  an  increased  ammunition  payload. 

Development  of  the  M60A2  began  in  1964.  Major  modifications 
*  were  a  new  turret  and  the  incorporation  of  the  Shillelagh  weapon 
system.  Production  began  in  late  1966.  The  majority  of  the  out¬ 
put  was  unfit  for  use  due  to  technical  problems  associated  with 
the  tanks.  Retrofit  and  subsequent  delivery  of  those  tanks  began  i 
in  1972.  By  1981,  all  M60A2s  had  bean  withdrawn  from  service  in  j 
Europe. 
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Exhibit  A-l .  THE  EVOLUTION  OF  U.S.  MAIN  BATTLE  TANKS:  1958-1983 


In  January  1970,  tha  Anglo-German  MBT-70  was  cancelled.  The 
two  primary  factors  accounting  for  this  weret 

•  cost  considerations#  and 

•  design  complications. 

i 

The  MBT  70  was  designed  to  operate  with  a  three-man  crew.  The 
redesigned  turret  accommodated  an  automatic  loading  device  which 
eliminated  the  need  for  a  loader,  whose  place  was  occupied  by 
the  driver.  This  was  done  for  improved  protection  against  nuclear 
biological  and  chemical  hasards.  However,  restructuring  the  con¬ 
trols  of  the  power  train  assembly  to  accommodate  the  "new  driver" 
created  significant  technical  difficulties.  This  contributed 
significantly  to  cancellation  of  the  MBT-70  program. 

Following  this  cancellation,  the  U.S.  Army  sought  development 
of  a  more  austere  tank.  The  resulting  tank,  which  had  signifi¬ 
cant  similarities  to  the  MBT-70,  was -the  XM803 .  In  November  1971, 
the  XMU03  project  was  cancelled  by  Congress  due  to  excessive  costs 
and  unnecessary  hardware  complexity. 

December  1971  brought  about  the  establishment  of  the  XM1 
program.  The  DSARC  I  milestone  for  the  Ml  (XM1)  Abrams  tank 
system  was  achieved  in  November  1972.  By  November  1976,  the  Ml 
prototype  had  entered  full-scale  engineering  development.  The 
first  production  models  wets  completed  in  February  1980. 

Product  improvements  to  the  M60A1  tanks  were  initiated  in 
the  early  1970s.  The  addition  of  a  top  loading  air  cleaner, 
add-on  stabilisation  and  T142  track  produced  the  M6QA11AOS). 

In  1975,  a  RISE  (Reliability  Improvement  of  Selected  Equipment) 
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engine  and  an  improved  alactrical  system  were  incorporated 
producing  the  M60A1(RISE)  tank. 

Modifications  such  as  the 
a  commander 's/gunnar's  passive  sight, 

a  driver's  viewer, 

a  smoke  grenade  launcher,  and 

a  M2 40  coaxial  machine  gun 

were  subsequently  added  in  producing  the  M60A1(RISE  Passive). 

In  1978.  product  improvements  such  as  a  laser  range  finder 
and  solid  state  computer  to  the  RISE  Passive  resulted  in  the 
M60A3 ( Passive ) .  The  addition  of  a  thermal  sight  in  1979 
resulted  in  the  M60A3(TTS). 

At  the  present  time,  pre-planned  product  improvements  (Pi) 

have  been  developed  for  the  Ml  Abrams.  Beginning  in  1985.  the 

Mis  will  be  fitted  with  a  Rheinmetall  120mm  XM256  gun,  a  smooth- 

* 

bore  gun  similar  to  that  found  on  the  west  German  Leopard  II. 
Trials  with  this  gun  were  begun  on  the  first  of  six  Ml  proto¬ 
types  in  the  first  half  of  1981.  Upon  acceptance,  they  will  be 
standardised  as  the  M1E1  Abrams. 
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HARDWARE  CHARACTERIZATIONS  OF  U.S.  MAIN  BATTLE  TANKS 

Part  It  M60  Sariaa  and  Ml  Main  Battla  Tanka 
(B-l  through  B-47) 

Part  2 1  MBT-70  and  XM803  Main  Battla  Tanka 
(B-48  through  B-91) 
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APPENDIX  C 

EMREM  PROGRAM  DOCUMENTATION 


_ 


This  appendix  documents  the  computer  program  used  to  calcu¬ 
late  the  weapon  system  manpower  estimates  developed  in  the 
second  part  of  EMREM  (see  Exhibit  II-2).  The  program  is  written 
in  Apple-soft  BASIC  and  has  been  run  on  the  Apple  II  microcom¬ 
puter. 

The  program  consists  of  a  short  main  program  and  four  sub¬ 
routines.  The  main  program  is  primarily  responsible  for  reading 
the  input  data.  Pour  separate  data  sets  were  used  in  this  analy¬ 
sis.  The  first  three  were  used  in  determining  the  requirements 
for  each  maintenance  echelon  considered  (i.e.,  QRG,  DS  and  GS). 
The  fourth  was  used  to  calculate  total  below  depot  level  require¬ 
ments.  Por  the  latter  calculation,  the  program  also  reads  data 
on  manpower  requirements  that  serve  as  a  benchmark  against  which 
the  EMREM  estimates  are  compared.  In  this  demonstration  of 
EMREM,  these  benchmark  data  were  taken  from  the  PY82  AMIM  for  the 
Ml. 

The  first  subroutine  is  an  interactive  data  input  section. 
The  user  is  prompted  to  supply  the  crucial  parameters  pertaining 
to  the  new  weapon  system  and  the  organisational  unit  into  which 
this  system  is  to  be  deployed.  Specifically,  the  user  is  first 
asked  to  enter  the  lower  and  upper  bounds  for  the  new  weapon 
system  usage  rate.  Por  the  Ml  tank  application,  the  unit  of 
measure  for  the  usage  rate  is  miles  per  year.  The  user  is  then 
prompted  to  supply  the  lower  and  upper  bounds  for  the  annual 
available  productive  manhour  (AAPMH)  factor.  This  factor,  which 
varies  by  maintenance  echelon,  allows  the  conversion  of  annual 
maintenance  manhour  data  to  numbers  of  personnel.  The  final 
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prompt  in  this  subroutine  asks  the  user  to  supply  the  number  of 
weapon  systems  anticipated  to  be  deployed  into  the  organizational 
unit. 


The  second  subroutine  calculates  the  number  of  persons  from 
each  NOS  group  required  to  meet  the  scheduled  and  unscheduled 
maintenance  requirements  at  each  echelon  below  the  depot  levfcl, 
as  well  as  the  total  below  depot  level  requirement.  That  cajLcu- 
lation  explicitly  accounts  for  the  number  of  weapon  systems  in 
the  organizational  unit. 

There  are  a  number  of  assumptions  incorporated  in  the  calcu¬ 
lations  that  deserve  elaboration.  The  most  salient  of  them  is 
that  manpower  requirements  are  directly  proportional  to  the  usage 
ratej  i.e.,  doubling  the  usage  rate  doubles  the  associated  main¬ 
tenance  manhour  requirements.  This  seems  a  reasonable  assumption 
when  applied  to  small  (relative)  fluctuationa  in  the  usage  rate. 
It  is,  however,  a  concession  to  data  availability.  Another 
assumption  concerns  the  rounding  of , non-integer  personnel  figures 
into  more  meaningful  Integer  values.  That  is,  after  dividing  the 
required  AMMH  (for  a  given  NOS)  by  the  AAPNH  factor,  the  result 
is  an  integer  plus  some  fraction.  We  impose  a  couple  of  rulos 
that  apply  in  the  conversion  of  this  figure  into  an  integer.  The 
first  of  these  assumptions  can  be  Interpreted  in  the  following 
way.  Let  N  be  the  number  of  weapon  systems  in  the  organizational 
unit.  Then,  if  the  rounding  to  the  greatest  integer  less  than 
or  equal  to  (N*ANNH)/AAFMH  implies  that  the  each  of  the  asso¬ 
ciated  personnel  must  absorb  an  additional  ten  percent  or  more 
work  load  (due  to  rounding),  then  the  figure  may  be  evaluated  for 


potential  rounding  upward  to  the  next  higher  integer.  This  leads 
to  the  second  rule  imposed  on  rounding*  The  program  does  not 
allow  the  upward  rounding  i£  the  result  is  that  each  of  the 
associated  peraonnel  is  contributing  less  than  90  percent  of  the 
lower  AAPMH  factor  input.  The  product  of  the  second  subroutine 
is  the  number  of  below-depot-level  maintenance  and  support  per¬ 
sonnel  required  for  each  NOS  group.  This  estimate  is  determined 
for  each  of  the  four  scenarios  that  reflect  the  pairwise  combina¬ 
tions  of  the  two  extreme  usage  rates  and  AAPMH  factors. 

The  third  subroutine  compares  the  EMREM  below  depot  level 
estimates  to  the  most  reaent  observations  on  the  weapoh  system  to 
which  EMREM  is  being  applied.  This  subroutine  determines  where 
the  benchmark  (realised)  manpower  requirements  lie  with  respect 
to  the  EMREM  estimate  Interval.  This  subroutine  allows  expedient 
isolation  of  those  M08s  (and,  hence,  subsystems)  for  which  EMREM 
is  proving  to  be  less  accurate.  This  will  allow  us  to  critically 
evaluate  our  choice  of  input  data. 

The  fourth  subroutine  is  essentially  a  report  writer. 

The  baseline  program  may  be  modified  or  augmented  so  as  to 
most  fully  exploit  the  data  available  for  EMREM  applications  to 
other  weapon  systems. 


■  «»■  •***>.*•  t  *-V 


L  *  * 


I.  |*»  Af. 


REM  ***##*#*  EMREM  PROGRAM  #*****## 

PRINT  CHR*  <4) "BRUN  AMPER  INTERPRETER" 

TEXT  !  HOME 

REM  INITIALIZATION  STATEMENTS 

A  -  o:b  •  OSC  ■  OSD  "  OSE  -  OSF  -  OSS  *  OSH  *  OS  I  -  05 J  n  CSK  *  OSL  *  0 
SM  -  OSN  -  0 

P  -  OSQ  «  OSR  -  OSS  «  OST  -  OSU  *  OSV  *  OSW  *  05  X  «  05Y  «  OSZ  ■  0 
HOME  S  SPEED"  160s  FOR  I  -  1  TO  10s  PRINT  S  NEXT  S  PRINT  *' 

#*##  EMREM  #**#  "S  HOME  S  PRINT  "  "S  SPEED-  2S5 

REM  DIMENSION  STATEMENTS 
REM 

DIM  Cl«  (30) ,  02  (30) ,  A1  (30) ,  A2 (30) ,  A3  (30) ,  A4  (30) ,  LL*  (30) ,  CV  (30) 

DIM  HI (30) ,H2(30> ,Pl (10,30) ,P2(10,30> 

DIM  M8*(30) ,MX (30) ,MH(30) ,B*(30) ,84 (30) 

BELL*  -  M" 

REM  READ  STATEMENTS 
REM 

READ  8Y*,U*,NO 

FOR  I  -  1  TO  NOS  READ  MS*(X) , MI (X) ,MH(I) , B*(X) ,84(1) s  NEXT 
READ  CBS, MLS, N1 

FOR  J  -  1  TO  NlS  READ  C1*(J> ,C2(J) l  NEXT 
REM 

REM  '  ******  ESTIMATE  INPUT  DATA  ****** 

DATA  Ml  TANK,MXLEB/YR,7 
DATA  31 i 1000, 232* 1 , MAO A3, FY82  AMIM 
DATA  41 , 1000, 230, MBT-70, P/CR 
DATA  44, 1000, 24, M40A3, FYS2  AMIM 
DATA  4S, 1000,7*7. 4, M40A1,AR  370-2 
DATA  34, 1000,30,M60A1,AR  370-2 
DATA  *3, 1000, 1980, MBT-70, P/CR 
DATA  76, 1000,4. 6, MAO A3, AR  870-2 
REM  ********************************* 

REM 

REM  ********  COMPARISON  DATA  ******** 

DATA  FY82  AMIM  (Ml), 1000, 3 
DATA  31,303.14 
DATA  41,04.0 
DATA  44,24.0 
DATA  43,090.0 
DATA  43,1243.3 

REM  ********************************* 

REM 
REM 

REM 

REM  ■■■■■■■■!»■■■■■■■■■■■■■■■■■■■■■ 

REM  PROMPT  USER  FOR  SCENARIO  INPUT 
REM  —————————————————— 

S08UB  1000 
REM 
REM 

REM  CALCULATE  MANPOWER  REQUIREMENTS 

REM  mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

008UB  2000 
REM 


REM  COMPARE  ESTIMATES  WITH  ACTUALS 
REM 

OOBUB  3000 
REM 

REM  —————————— 

REM  GENERATE  OUTPUT  REPORT 
REM  —————— 

GOSUB  4000  c  4 


REM  <<««  PARAMETER  INPUT  SUBROUTINE  >>>>>> 

ER*  -  "ERROR  —  LOWER  WA8  ■>  UPPER!" 

PRINT  BELL*?  HOME  !  FOR  I  ■  1  TO  SS  PRINT  S  NEXT  I 

PRINT  ■  "IS  INVER8E  !  PRINT  "  RECORD  KEEPING  INFORMATION 

"S  PRINT  S  PRINT 

^NORMAL  !  PRINT  "  "|S  INVERSE  S  PRINT  "TODAY'S  DATE  (MO/DA/YR) « | :  INPUT 

PRINT  S  NORMAL  S  PRINT  ■  «}S  INVERSE  S  PRINT  "PURPOSES" 

NORMAL  S  PRINT  "  1  ORB  ECHELON  RUN"!  PRINT  "  2  DS  ECHELON 

RUN"S  PRINT  "  3  68  ECHELON  RUN"S  PRINT  S  PRINT  "  "| 

INVERSE  S  PRINT  “YOUR  CHOICE?" IS  SET  HS  IF  H  <  1  OR  H  >  3  THEN  HOME 
S  FOR  I  -  1  TO  10S  PRINT  S  NEXT  S  SOTO  1003 

IF  H  -  1  THEN  PP*  -  "ORS  ECHELON  RUN" 

IF  H  ■  2  THEN  PP*  -  "DB  ECHELON  RUN" 

IF  H  ■  3  THEN  PP*  -  "SB  ECHELON  RUN" 

FOR  I  -  l  TO  3!  PRINT  BELL* 


HOME  S  PRINT  S  PRINT  S  INVERSE  S  PRINT  S Y* " -RELATED  PARAMETER  INPUT 


SECTION":  NORMAL 
PRINT  BELL* 

PRINT  S  PRINT  S  SPEED-  ISO:  PRINT  "ENTER  UPPER  AND  LOWER  BOUNDS  FOR 
“S  PRINT  SY*"  USAGE  RATE.  " 

PRINT  S  PRINT  "LOWER  BOUND  -  "IS  INPUT  MIS  PRINT  "UPPER  BOUND  -  «|j 
INPUT  M2S  PRINT  S  PRINT 
IF  M2  >  Ml  SOTO  1060 

SPEED-  233S  FOR  I  -  1  TO  2S  PRINT  BELL*:  NEXT  S  SPEED-  23:  PRINT  :  PRIN 
ER*"  _  “S_HOME  S  SOTO  1020 
PRINT  SPC  <  3)  "#***#*##*#***######*#*#*##***#••  SPC<  3) 

PRINT  BELL* 

PRINT  S  PRINT  s  SPEED-  ISO:  PRINT  "ENTER  UPPER  AND  LOWER  BOUNDS  FOR 
"S  PRINT  "AAPMH  FACTOR.  " 

PRINT  S  PRINT  "LOWER  BOUND  -  "|S  INPUT  Fti)S  PRINT  "UPPER  BOUND  -  " 

IS  INPUT  F<2) S  PRINT  !  PRINT 
IF  F<2)  >  Ft  1 )  SOTO  1110 

SPEED-  233:  FOR  I  -  1  TO  2:  PRINT  BELL*:  NEXT  S  SPEED-  23:  PRINT  :  PRINT 
ER*"  "S  HOME  S  SOTO  1070 


REM 

PRINT  BELL* 

HOME  S  PRINT  S  PRINT  S  PRINT  S  PRINT  S  PRINT  S  PRINT  "ENTER  ANTICXP 
ATED  NO.  OF  “8Y*"S"S  PRINT  "PER  ORGANIZATIONAL  UNIT."|S  INPUT  N 
FOR  I  -  1  TO  3:  PRINT  BELL*:  NEXT 

SPEED-  100S  HOME  S  FOR  I  -  1  TO  10S  PRINT  S  NEXT  S  INVERSE  S  PRINT 

“  -  NOW  CALCULATING  REQUIREMENTS.  -  ":  NORMAL  S  SPEED-  253 

RETURN 
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REM  «««  CALCULATION  SUBROUTINE  »»» 

REM  CALCULATE  TOTAL  MANHOUR  REQUIREMENTS  FOR  ORB  UNIT 
FOR  J  -  1  TO  NO 

HUJ)  -  N  *  (Ml  /  MX  (J) )  «  MH  <J> 

H2(J)  •  N  *  <M2  /  MI (J) )  *  MH <J) 

NEXT 

REM  DtECK  FOR  EXCESSIVE  WORKLOAD  DUE  TO  DOWNWARD  ROUND I NO 
FOR  I  -  1  TO  2:  FOR  K  -  1  TO  NO 

IF  (HI (K)  /  P<I>  -  INT  (HI <K>  /  F(I)))  /  (  INT  (HI (K)  /  F(I) )  +  .0 
001)  >  .1  SOTO  2080 

P1(I,K)  «  INT  (HI  (K)  /  F(X) )  >  SOTO  2090 
Pl(I,K)  -  INT  (HI  (K)  /  F(X)>  ♦  1 

IF  (H2(K>  /  F(X)  -  XNT  (H2(K>  /  F(I>))  ✓  (  INT  (H2(K)  /  F(I>)  +  .0 
001)  >  .1  BOTO  2110 

P2(I,K)  «  XNT  (H2 (K)  /  F(X));  BOTO  2120 
P2(I,K)  •  INT  (H2(K>  /  F(I) )  1 

NEXT  K:  NEXT  X 

REM  CHECK  FOR  DIMINUTIVE  WORKLOAD 
FOR  X  -  1  TO  2!  FOR  K  -  1  TO  NO 

IF  HI (K)  /  (P1(I,K)  *  .00001)  <  .1  *  F(X)  THEN  P1(I,K)  -  PI <I„ K)  - 

1 

IF  H2(K>  /  (P2(X,K)  +  .00001)  <  .1  *  F(I)  THEN  P2(I,K)  -  P2(I,K>  - 

1 

IF  P1(X,K>  <  0  THEN  P1(I,K)  -  0 

IF  P2 ( I v K)  <  0  THEN  P2<I,K)  -  0  ' 

NEXT  K;  NEXT  X 
RETURN 


5IJ  ,  ,  <<<<<<  COMPARISON  SUBROUTINE  »»» 

m  I  ESTIWTE  »NTERVAt8  CONTAIN  BENCHMARK  DATA 

X  »  X  4  1 

A^f-rcv«  ”.+3?  SSo1’  ’  "EMREM  DID  mT  «NTl«™TB  THIS  MOS  6 

IF  C1*<X)  -  MS*(X)  THEN  SOTO  3380 
SOTO  3330 

^CadTf  AND  EMREM  MOS  CODE 

•YEs“  BOTO  3400  **  C2<1>  ’  <  ,H2tX>  '  N>  THEN  LL*<I)  - 

cvui'-’a"1*3"1  IP  C2a’  <  H1<x>  /  N  ™en  cvm  .  u  SOTo  3«oo 
NEXT  I 
RETURN 


\  ’1?^  ‘J,/*  «/  \  v,  ^  . 

f"  44  B  #«4  4,  .  *  «•  4  V*  1  4 A .  4 m '' -•  A t 


*.  \f  ,  v  V  "v 

'*»#  »«*  *%.•  «•< 


_  /V  v.  ri\  ai1  «•  ,. 

A'  •»*  ar*  •»*)  *i(*.  . 


Jk'*- 


REM  <««<  REPORT  WRITING  SUBROUTINE  »>»> 

PR*  1 

PRINT  CHR*  (9) “SON".  PRINT  CHR*  (27) "E" 

Yl*  -  * (EMREM  LOWER  BOUND  TOO  HIBH.)":Y2*  -  " (EMREM  UPPER  BOUND  TOO 
LOW. ) " 

NC*  -  M  note:  #PERS.  INVARIANT  TO  USAGE  RATE,  AAPMH  FACTOR  RANGE  LI 
MITS  AFTER  ROUNDING. “SFT*  -  «  (SEE  NOTE.) 

SI*  -  "NOTE*  EMREM  PREDICTED  ":S2*  -  N  RELEVANT  MOS  GROUPS  THAN  " 

FI*  ■  "FRMT, #31 “!F2*  -  “FRMT, X10,S,2,0| ":F3*  -  "FRMT, XIO, S, 2, Oj " S FA* 

«  “FRMT, *131 • 

F3*  -  “FRMT, X7, 8,0, 0|"1  PRINT  CHR*  <12> 

PRINT  :  PRINT  :  PRINT  8PCC  6)  "*****#**#*####**■*#####*####***■*•**#** 

WirinnnnrWWWwirinrWlTTrlrirWwTHnrWW  , 

PRINT  8PC(  6) "*  EMREM  MAINTENANCE  *  SUPPORT  MANHOUR  REQUIREMENTS  E 
8T I MATES  #" 

-M  M  M  MitUMMMM  M 

TTWWwWwWww” 

PRINT  CHR*  (27) “E" 

PRINT  !  PRINT  :  PRINT  :  PRINT  SPC(  2B>SY*“  APPLICATION":  PRINT  :  PRINT 
:  PRINT 

PRINT  BPC(  28) "AMMH" 

PRINT  8PC(  16) "M08"  8PC(  8) “LOW"  8PC(  S) "HIGH"  8PC(  6) "BASELINE  SY 

8." 

FOR  K  -  1  TO  NO 

PRINT  8PC(  16):  li  PRNT, MB* (K) , FI*:  It  PRNT,H1  (K)  ,F2*:  Si  PRNT ,  H2  <K)  , 

F3*:  6  PRNT,B*(K),F4*:  PRINT  SPC(  3):  PRINT 
NEXT  K 

FOR  i  -  l  to  s:  print  :  next 

PRINT  SPC(  38) "SCENARIO"!  PRINT  SPC(  16) "ESTIMATE"  SPC<  6) "AAPMH" 

SPC(  4) "USAGE  RATE  ("U*")“ 

PRINT  8PC(  18) "LOW"  8PC(  10) F (2)  SPC(  8) Ml 

PRINT  SPC(  17) "HIGH"  SPC(  10)F(1)  SPC(  8) M2 

PRINT  :  PRINT  :  PRINT  BPC<  16) "ORQ.  UNIT  SIZE  -  "N"  "5Y*"'S." 

FOR  I  -  1  TO  14:  PRINT  :  NEXT  I  PRINT  SPC(  48) "DATE:  "D* 

PRINT  SPC(  4S)"PURP0BE:  "PP* 

REM 

PR#  l:  PRINT  CHR*  (9) "BON":  PRINT  CHR*  (12) 

PRINT  :  PRINT 

PRINT  8PC(  4) "##«****#«*«*«**•#*#**•***#*******#»##*********«##*** 
*-»«-»-»****«**  •• 
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1 


PRINT  SPC(  4)  "#*##*######*****##########*##**#**#**##########*##*# 
####*##*♦###  N 

PRINT  8PC(  4) "#  EMREM  MAINTENANCE  li  SUPPORT  PERSONNEL  REQUIREMENTS 
ESTIMATES  #« 


PRINT  S  PRINT  8  PRINT  SPC<  30)SY*»  APPLICATION".  PRINT  S  PRINT  :  PRINT 

PRINT  8PC<  IB) "MQS"  SPC(  4> "LOW"  SPCf  3) "HIGH"  SPC<  A) "BASELINE" 

FOR  I  -  1  TO  NO 

PRINT  SPC<  16):  t  PRNT,MS#(I),F1*:  It  PRNT»P1  <2, 1)  ,  F3#:  A  PRNT,P2(1 
, I ) , F5f:  U  PRNT,B*(I),F4#:  PRINT  SPC(  3):  PRINT 
NEXT  I 

FOR  j  ■  i  *|*q  g>  print  S  NEXT 

PRINT  8PC<  33) "SCENARIO":  PRINT  BPC(  1A) "ESTIMATE"  8PC<  A) "AAPMH" 

SPC<  4) "USAGE  RATE  ("U#")" 

PRINT  8PC(  18) "LOW"  SPC<  10)F<2)  8PC<  8) Ml 
PRINT  8PC(  17) "HIGH"  8PC<  lO)F(l)  SPC<  8) M2 

PRINT  :  PRINT  8  PRINT  SPC<  1A) "ORG.  UNIT  8IZE  -  "N"  "SY#"’S." 

FOR  I  ■  1  TO  14:  PRINT  :  NEXT  :  PRINT  BPC<  45) "DATE:  "DA 
PRINT  8PC<  43) "PURPOSE:  "PP* 

PRINT 

SPEED-  100:  PRINT  :  PRINT  :  PRINT  :  PRINT  "IF  YOU  WOULD  LIKE  TO  HAY 
E  A  COMPARISON  REPORT,  ENTER  1.":  SPEED-  233 
GET  U:  IF  U  -  1  THEN  GOTO  4400 
GOTO  4990 

REM  COMPARISON  REPORT  PRINT  STATEMENTS  (OPTIONAL) 

PR#  l:  PRINT  CHR*  (12):  PR#  1 
PRINT  CHRA  (9) "SON" 

PRINT  SPC(  22)"*##  COMPARISON  8UMMARY  ##*" 

PRINT  :  PRINT  !  PRINT  BPC(  2A)SY*"  APPLICATION":  PRINT  SPCC  2A)"B 
ENCHMARK  DATA  80URCE:  "CB# 

PRINT  :  PRINT  8  PRINT 

IF  NO  >  N1  THEN  PRINT  B1*"M0RE"S2#| :  PRINT  CS#"." 

IF  NO  <  Nl  THEN  PRINT  81# "FEWER "S2#» :  PRINT  CS#"." 

PRINT  :  PRINT 

PRINT  "  MOB  GROUP"  SPC(  12) C8#"  VALUE  IN  EMREM  INTERVAL?" 

PRINT 

FOR  J  -  1  TO  Nl 

PRINT  8PC(  A)C1$<J)  SPC(  24)LL#(J)| 

IF  CV(J)  -  1  THEN  PRINT  "  "Yl* 

IF  CV(J)  -  2  THEN  PRINT  "  "Y2* 

IF  CV(J)  <  -  >  1  AND  CV(J)  <  -  >  2  THEN  PRINT  "  ":  PRINT 

NEXT  J 

PRINT  CHR#  (12) 

RETURN 
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REM  ******  ESTIMATE  INPUT  DATA  ****** 

DATA  Ml  TANK, MILE8/YR, 7 

DATA  31, 1000, 131.8,M60A3,FY82  AMIM 

DATA  41 , 1000, . 001 , MBT-70, P/CR 

DATA  44, 1000, *001 , M40A3, FYS2  AMIM 

DATA  43,1000,273.92,M40A1,AR  370-2 

DATA  34, 1000,23, M60A1 , AR  3/0-2 

DATA  43, 1000, S79. 49, MBT-70, P/CR 

DATA  74, 1000,4.6,M40A3,FY62  AMIM 

REM  **************#*********#*####*#« 


REM  ******  ESTIMATE  INPUT  DATA  ****** 

DATA  Ml  TANK,MILES/YR,7 

DATA  31,1000,78.3,M40A3,FY82  AMIM 

DATA  41 , 1000, 134. 5, MBT-70, P/CR 

DATA  44, 1000, 1S,M60A3,FY82  AMIM 

DATA  43, 1000, 293. 14, M40A1 , AR  370-2 

DATA  34, 1000,8,M40A1, AR  370-2 

DATA  43, 1000, 721 . 18, MBT-70, P/CR 

DATA  76, 1000, . 001 , M40A3, FY82  AMIM 

REM  ********************************* 


REM  ******  ESTIMATE  INPUT  DATA  ****** 

DATA  Ml  TANK,MILEB/YR,7 

DATA  31 , 1000, 42, M60A3, FYS2  AMIM 

DATA  41 , 1000, 95. 3, MBT-70, P/CR 

DATA  44 , 1 000 , 9 , M40 A3 , FYS2  AMIM 

DATA  43, 1000, 198.32, M40A1,AR  570-2 

DATA  34, 1000, 17,M60A1, AR  370-2 

DATA  43, 1000, 378. S3, MBT-70, P/CR 

DATA  76, 1000, .001,M60A3,FY82  AMIM 

REM  ********************************* 
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«*##  EMREM  ft*#* 


RECORD  KEEP I NS  INFORMATION 


TODAY'S  DATE  <MO/DA/YR>?t 1/30/83 

purpose: 

1  ORB  ECHELON  RUN 

2  DS  ECHELON  RUN 

3  GS  ECHELON  RUN 

YOUR  CHOICE? 


Ml  TANK-RELATED  PARAMETER  INPUT  8ECTI0N 


ENTER  UPPER  AND  LOWER  BOUNDS  FOR 
Ml  TANK  USAGE  RATE. 

LOWER  BOUND  -  7800 
UPPER  BOUND  -  71200 


#*##**#*###*#**#*#**-<  ********* 


ENTER  UPPER  AND  LOWbt  BOUNDS  FOR 
AAPMH  FACTOR. 

LOWER  BOUND  -  72250 
UPPER  BOUND  ■  72750 


ENTER  ANTICIPATED  NO.  OF  Ml  TANKS 
PER  ORGANIZATIONAL  UNIT. 758 


*  EMREM  MAINTENANCE  Sc  SUPPORT  MANHOUR  REQUIREMENTS  ESTIMATES  * 
*#**#****■#"****###■*#■#■# 


Ml  TANK  APPLICATION 


AMMH 


MOS 

LOW 

HIGH 

BASELINE  SYS 

31 

4113.52 

9173.28 

M40A3 

41 

.0 

.0 

MBT-70 

44 

.0 

.0 

M40A3 

45 

12802.49 

19204.03 

M40A1 

54 

1140.00 

1740.00 

M60A1 

43 

40831.34 

41247.30 

MBT-70 

76 

213.44 

320. 14 

M40A3 

SCENARIO 

ESTIMATE 

AAPMH 

USABE  RATE  'MXLES/Y 

LOW 

2730 

BOO 

HISH 

2250 

1200 

ORB.  UNIT 

SIZE  -  58 

Ml  TANK'S. 

DATE:  12/01/B3 
PURPQBE:  ORS  ECHELON  RUN' 


*#**#**###***#***##**#*»**#**#######*’#######•»##«##*•»*#*###-*#**•»* 
*  EMREM  MAINTENANCE  &  SUPPORT  PERSONNEL  REQUIREMENTS  ESTIMATES  * 


Ml  TANK  APPLICATION 


MOS  LOW  HI0H 

31  3  4 

41  0  0 

44  0  0 

45  5  8 

54  1  1 

63  14  27 

76  0  1 


BASELINE 

M60A3 

MBT-70 

M60A3 

M60A1 

M60A1 

MBT-70 

M60A3 


ESTIMATE 

LOW 

HIGH 


SCENARIO 

AAPMH  UBAGE  RATE  <MILES/YR) 
2750  800 

2250  1200 


ORG.  UNIT  SIZE  «  58  Ml  TANK'S. 


DATE!  12/01/83 
PURPOSE:  ORB  ECHELON  RUN 


IF  YOU  WOULD  LIKE  TO  HAVE  A  COMPARISON  REPORT,  ENTER  1. 
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#*#*##**##**#■»*#*###*#*###*#**###*#***#######■##*■*##**#*#*#*#■** 
*  EMREM  MAINTENANCE  &  SUPPORT  MANHOUR  REQUIREMENTS  ESTIMATES  * 
*#*#####**#*#***###***##*****#**####*####*#****#*#********#*** 


Ml  TANK  APPLICATION 


AMMH 


MOS 

LOW 

HIGH 

BASELINE  SYS 

31 

3633. 12 

5449.68 

M60A3 

41 

6240.80 

9361.20 

M8T-70 

44 

696. 00 

1044.00 

M60A3 

45 

13602.62 

20403.94 

M60A1 

54 

371.20 

556.80 

M60A1 

63 

‘33462.75 

50194.13 

MBT-70 

76 

.0 

.0 

M60A3 

ESTIMATE 

LOU 

HIGH 


SCENARIO 

AAPMH  USAGE  RATE  (MILEB/YR) 
2970  800 

2430  1200 


ORB.  UNIT  SIZE  -  58  Ml  TANK'S. 


DATE:  12/01/83 
purpose:  ds  echelon  run 


-  '  »  SO  ?.  ■ 

l.l. 


V*  u  ,  » 

i  .*fc  .<«  »  -  4  «'t  • 
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******#**#*##***###**###***#*#♦**###*##**#■#•*###■*■*#■#•#•#*#•**■»<•**•#■#■*■■* 
*  EMREM  MAINTENANCE  8<  SUPPORT  PERSONNEL  REQUIREMENTS  ESTIMATES  * 

*##*HHt#*****HHf#**#*#########*#***##**#*#*#***********#****#***** 


Ml  TANK  APPLICATION 


MOS  LOW  HIGH 

31  2  3 

41  2  4 

44  1  1 

45  3  8 

54  1  1 

63  11  20 

76  0  0 


BASELINE 

M60A3 

MBT-70 

M60A3 

M60A1 

M60A1 

MBT-70 

M60A3 


ESTIMATE 

LOW 

HIGH 


SCENARIO 

AAPMH  USAGE  RATE  (MILES/YR) 
2970  BOO 

2430  1200 


ORB.  UNIT  SI?E  -  5e  Ml  TANK'S. 


DATE:  12/01/83 
PURPOSE:  DS  ECHELON  RUN 


IF  YOU  WOULD  LIKE  TO  HAVE  A  COMPARISON  REPORT,  ENTER  1. 
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***###***#*###*##*#**********#*##*#*#*#*#*#■**■*#**#■**■*■*•**■#**■##•* 
*  EMREM  MAINTENANCE  *  SUPPORT  MANHOUR  REQUIREMENTS  ESTIMATES  * 
##**#****#****###******###•***##•#**•**■*•#**#■**•***#****■* *■*##+#*#*■*■ 


Ml  TANK  APPLICATION 


AMNH 


MOS 

•1  LOU 

HIGH 

BASELINE  SYS 

31 

1948.80 

2923.20 

M60A3 

41 

4431.20 

6646. SO 

MBT-70 

44 

•  417.60 

626. 40 

M60A3 

45 

9202.03 

13803.07 

M60A1 

54 

788.80 

1183.20 

M60A1 

63 

17377.71 

26366. 37 

MBT-70 

76 

.0 

.0 

M60A3 

ESTIMATE 

LOU 

HIGH 


SCENARIO 

AAPMH  USAGE  RATE  (MILES/YR) 
3410  800 

2790  1200 


ORG.  UNIT  SIZE  -  38  Ml  TANK'S. 


DATE!  12/01/33 
PURPOSE:  GS  ECHELON  RUN 
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******#***#*#**#4HHHt*##»****#*«****«###*##«#*«********#*#**#*#** 
*  EMREM  MAINTENANCE  &  SUPPORT  PERSONNEL  REQUIREMENTS  ESTIMATES  * 

##***#*#*##**##*#*****«##*##***##4Ht#*##****###*****#*‘»HHHI'#*#-»-»** 


Ml  TANK  APPLICATION 


MOS  LOW  HIGH 

31  1  1 

41  2  3 

44  1  1 

45  3  5 

54  1  1 

63  5  9 

76  0  0 


BASELINE 

'M60A3 

MBT-70 

M60A3 

M60A1 

M60A1 

MBT-70 

M60A3 


ESTIMATE 

LOW 

HIGH 


SCENARIO 

AAPMH  USAGE  RATE  (MILES/YR) 
3410  BOO 

2790  1200 


ORG.  UNIT  SIZE  -  58  Ml  TANK'S. 


DATE:  12/01/83 
PURPOSE:  GS  ECHELON  RUN 


IF  YOU  WOULD  LIKE  TO  HAVE  A  COMPARISON  REPORT.  ENTER  1. 
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*#*######******##*>»H*##*****##*#*##*#*##*****#*##**#****##****# 

*  EMREM  MAINTENANCE  8<  SUPPORT  MANHOUR  REQUIREMENTS  ESTIMATES  * 

♦•ft'**#####**#**-*##*#***##*#****##*##*#*#*******###****###***-*#* 


Ml  TANK  APPLICATION 


AMMH 


MOS 

LOU 

HI8H 

BASELINE  SYS. 

31 

11697.44 

17546. 16 

M60A3 

41 

10672.00 

16008.00 

MBT-70 

44 

1113.60 

1670.40 

M60A3 

45 

35607.36 

53411.04 

M60A1 

54 

2320.00 

3480.00 

M60A1 

63 

91872.00 

137808.00 

M3T-70 

76 

213.44 

320. 16 

M60A3 

SCENARIO 

ESTIMATE 

AAPMH 

U8A6E  RATE  CMILES/YR) 

LOW 

3410 

BOO 

HIQH 

2250 

1200  t 

ORG.  UNIT 

SIZE  -  58 

Ml  TANK'S. 

DATE:  12/01/83 


****#**####*##****#*#**#*#********#*********#**#****■*■**■#■»■»•**•**** 
«  EMREM  MAINTENANCE  S.  SUPPORT  PERSONNEL  REQUIREMENTS  ESTIMATES  * 
#*************************************************************** 


Ml  TANK  APPLICATION 


MOS 

LOW 

HIGH 

BASELINE 

31 

4 

8 

M60A3 

41 

3 

7 

MBT-70 

44 

1 

1 

M60A3 

45 

10 

23 

M60A1 

54 

1 

2 

M60A1 

63 

26 

61 

MBT-70 

76 

0 

1 

M60A3 

ESTIMATE 

LOW 

HIGH 


SCENARIO 

AAPMH  USAGE  RATE  <MILES/VR) 
3410  BOO 

2250  1200 


ORG.  UNIT  SIZE  -  58  Ml  TANK'S. 


DATE:  12/01/83 


IF  YOU  WOULD  LIKE  TO  HAVE  A  COMPARISON  REPORT,  ENTER  1. 
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*««  COMPARISON  SUMMARY  **# 


Ml  TANK  APPLICATION 

BENCHMARK  DATA  SOURCE:  FYB2  AMIM  (Mi) 


NOTE:  EMREM  PREDICTED  MORE  RELEVANT  MOS  GROUPS  THAN  FYS2  AMIM  (Ml) 

MOS  GROUP  FY82  AMIM  (Ml)  VALUE  IN  EMREM  INTERVAL? 

31  NO  (EMREM  UPPER  BOUND  TOO  LOW. ) 

«  , 

41  NO  (EMREM  LOWER  BOUND  TOO  HIGH.) 


44 

45 
63 


YES 

YES 

NO  (EMREM  LOWER  BOUND  TOO  HIGH. ) 


REM  ********  EMREM  PROGRAM  ******** 

PRINT  CHR$  (4 ) "BRUN  AMPER  INTERPRETER" 

TEXT  I  HOME 

REM  INITIALIZATION  STATEMENTS 

A  *  0sB  *  0IC  ■  0  »D  «  0:E  ■  0 1 F  *  0 iG  -  0lH 0:1  ■  0:J  ■  0:K  ■  0:L 
M  •  0:N  *  0: 

P  »  0:Q  »  0:R  ■  0:S  *  0*T  ■  0:U  *  0:V  *  0:W  ■  0:X  ■  0:Y  ■  0:Z  ■  0 

Mem 

REM  DIMENSION  STATEMENTS 
REM 

DIM  C1(30),C2(30),A1(30),A2(30),A3(30),A4(30),LLS(30),CV(30) 

DIM  Hi (30) ,H2 (30) , PI (10,30) ,P2(10,30) 

DIM  MS (30) ,MI (30) ,MH (30) ,B$ (30) ,S$ (30) 

REM 

REM  READ  &  DATA  STATEMENTS 
REM 

READ  SYS, NO 

FOR  1*1  TO  NO:  READ  MS (I) ,MI (I ) ,MH (I ) ,B$ (I ) ,S$ (I ) I  NEXT 
REM 

REM  ***  ESTIMATE  INPUT  DATA  *** 

DATA  Ml  TANK, 7 
DATA  63,1,1.98,MBT-70,P/CR 
DATA  41,1, .23,MBT-70,P/CR 
DATA  31, 1000, 282. 13, M00A3, AMIM 
DATA  44 ,1000, 26.8, M60A3, AMIM 
DATA  45,1000,767.4,M60A1,AR  570-2 
DATA  54,1000,50,M60A1,AR  570-2 
DATA  76 , 1000, 5. 15 ,M60A3 , AMIM 
REM  *************************** 

REM 

READ  CSS, MLS, Nl 

FOR  J  -  1  TO  Nil  READ  Cl(J),C2(J)l  NEXT 
REM 

REM  *****  COMPARISON  DATA  ***** 

DATA  FY  82  AMIM, 1000, 5 

DATA  63,1243.3 

DATA  41,84.0 

DATA  31,305.16 

DATA  44,24.0 

DATA  45,890.0 

REM  *************************** 

REM 

REM  PROMPT  USER  FOR  SCENARIO  INPUT 
GOSUB  1000 

REM  CALCULATE  MANPOWER  REQUIREMENTS 
GOSUB  2000 

REM  COMPARE  ESTIMATES  WITH  ACTUALS 
GOSUB  3000 

REM  GENERATE  OUTPUT  REPORT 

GOSUB  4000 

END 
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I 


REM  PARAMETER  INPUT  SUBROUTINE 
ERS  ■  "ERROR  —  LOWER  WAS  ">  UPPER" 

HOME  X  PRINT  t  PRINT  t  INVERSE  I  PRINT  8Y$"«RELATED  PARAMETER  INPUT 
SECTION" I  NORMAL 

PRINT  X  PRINT  X  SPEED-  1801  PRINT  "ENTER  UPPER  AND  LOWER  BOUNDS  FOR" 

X  PRINT  SYS"  USAGE  RATE.  " 

PRINT  t  PRINT  "LOWER  BOUND  ■  "|X  INPUT  Mix  PRINT  "UPPER  BOUND  -  "> :  INPUT 
M2 1  PRINT  X  PRINT 
IF  M2  >  Ml  GOTO  1060 

SPEED-  10X  PRINT  X  PRINT  I  PRINT  ERS"  "«  'HOME  I  GOTO  1020 
PRINT  SPC(  5)"******************************"  SPC(  5) 

PRINT  t  PRINT  t  SPEED-  1801  PRINT  "ENTER  UPPER  AND  LOWER  BOUNDS  FOR" 
l  PRINT  "AAMMH  FACTOR.  " 

PRINT  X  PRINT  "LOWER 'BOUND  -  ")  X  INPUT  F(l)x  PRINT  "UPPER  BOUND  -  "} 

X  INPUT  F(2)X  PRINT  I  PRINT 
IF  F(2)  >  F(l»  GOTO  1110 

PRINT  1  PRINT  x  SPEED-  10 X  PRINT  ER$X  HOME  X  GOTO  1070 
REM 

HOME  X  PRINT  X  PRINT  I  PRINT  X  PRINT  X  PRINT  X  PRINT  "ENTER  ANTICIPA 
TED  NO.  OF  "SY$"S" i  PRINT  "PER  ORGANIZATIONAL  UNIT."} I  INPUT  N 
SPEED-  35X  HOME  X  PRINT  x  PRINT  x  PRINT  X  PRINT  x  PRINT  x  PRINT  t  PRINT 

X  PRINT  X  INVERSE  X  PRINT  "  -  NOW  CALCULATING  REQUIREMENTS.  -  NORMAL 

RETURN 
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REM  CALCULATION  SUBROUTINE 

REM  CALCULATE  TOTAL  MANHOUR  REQUIREMENTS  FOR  ORG  UNIT 
FOR  J  ■  i  TO  NO 

HI  (J)  *  N  *  (Ml  /  MI (J ) )  *  MH  (J) 

H2(J)  ■  N  *  (M2  /  MI  (J) )  *  MH  (J) 

NEXT 

REM  CHECK  FOR  EXCESSIVE  WORKLOAD  DUE  TO  DOWNWARD  ROUNDING 
FOR  I  ■  1  TO  2:  FOR  K  -  1  TO  NO 

IF  (Hi  (K)  /  F(I)  -  INT  (HI  (K)  /  V  (X ) ) )  /  (  INT  (Hl(K)  /  F(I) )  +  .00 
01)  >  .1  GOTO  2080 

PI (I f K)  -  INT  (HI (K)  /  F(I))U  GOTO  2090 

P1(I,K)  -  INT  (Hi  (K)  /  F(I) )  +  1 

IF  (H2(K)  /  F(I )  -  INT  (H2(K)  /  F(I)))  /  (  INT  (H2(K)  /  F(I))  +  .00 
01)  >  .1  GOTO  2110 

P2 (I f K)  -  INT  (H2(K)  /  F(I))l  GOTO  2120 
P2  (I  * K)  -  INT  (H2(K)  /  F(t ) )  +1 
NEXT  Kt  NEXT  I 

REM  CHECK  FOR  DIMINUTIVE  WORKLOAD 
FOR  I  -  1  TO  2}  FOR  K  ■  1  TO  NO 

IF  Hi  (K)  /  Pl(I,K)  <  .1  *  F  (I )  THEN  Pl(I,K)  -  Pl(I,K)  1 

IF  H2(K)  /  P2(I,K)  <  .1  *  F (I )  THEN  P2(I,K)  ■  P2(I,K)  -  1 

NEXT  K:  NEXT  I 
RETURN 


REM  COMPARISON  SUBROUTINE 

REM  TOTAL  COMPARISON  MANHOUR  REQUIREMENTS  DATA  OVER  MOS  GROUPS 
FOR  J  -  1  TO  Nl *T  -  T  +  C2(J)t  NEXT 

REM  ASSIGN  WORKLOAD  PROPORTIONS  TO  COMPARISON  MOS  GROUPS 
FOR  I  -  1  TO  NllAl(I)  »  C2 (I )  /  Tl  NEXT 
REM  FIND  MIDPOINTS  OF  BMRBM  MANHOUR  ESTIMATE  INTERVALS 
FOR  J  ■  1  TO  NOIA2  (J)  *  (HI  (a)  +  H2(J))  /  (2  *  N)  t  NEXT 
REM  CALCULATE  ACCURACY  FACTOR 

REM  DETERMINE  WHETHER  ESTIMATE  INTERVALS  CONTAIN  BENCHMARK  DATA 
FOR  I  ■  1  TO  Nl 
X  ■  X  +  1 

IF  X  ■  NO  +  1  THEN  A3 (I)  -  Al(I)tLL$(I)  -  "EMREM  DID  NOT  ANTICIPATE 
THIS  MOS  GROUP."tCV(I)  ■  3 1  GOTO  3400 
IF  Cl  (I)  ■  MS (X)  THEN  GOTO  3380 
GOTO  3330 

A3  (1)  -  Al(I)  *  (  ABS  (A2  (X)  -  C2(I)))  . 

IF  C2(I)  -  >  (HI  (X)  /  N)  AND  C2  (I )  -  <  (H2(X)  /  N)  THEN  LL$(I)  -  " 

YES" I  GOTO  3400 

LLS(I)  -  "NO" I  IF  C2(I)  <  Hi  (X)  /  N  THEN  CV(I)  ■  ll  GOTO  3400 
CV(I)  -  2 
NEXT  X 

FOR  I  -  1  TO  NUVL  -  VL  +  100  *  A3(I)l  NEXT 
RETURN 
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*  V  \  i  r,*  j,  I  V  \  •  Ov  '\V  i  ’‘‘.VV/V  ‘n  , 

>•*  --•»  MU*  M.fc  «■•  H({|  W  tfp  *  *«»  t 


REM  REPORT  WRITING  SUBROUTINE 
PR*  1 

PRINT  CHR$  (9)"80NM 

Yl$  -  "(EMREM  LOWER  BOUND  TOO  HIGH.)":Y2$  -  " (EMREM  UPPER  BOUND  TOO  L 
OW.) "  ; 

NC$  ■  M*PERS.  INSENSITIVE  TO  USAGE  RATE,  AAMMH  FACTOR  RANGE  LIMITS.":  j 
FT$  *  "  (SEE  NOTE* ) N 

HD$  -  "MOS  AMMH  #PERS*  BASELINE  SYS." 

Sl$  ■  "NOTE:  EMREM  PREDICTED  "tS2S  -  "  RELEVANT  MOS  GROUPS  THAN  " 

FIS  ■  "FRMT,X3,8,0,0)":F2$  •  "FRM?,X10,S,2,0* ":F3$  -  "FR'MT,X7,S,0,0;" 
:F4S  -  "FRMT,S15; " 

PRINT  CHRS  (12) 

HOME  I  INVERSE  t  PRINT  I  PRINT  :  PRINT  SPC(  5) *******  EMREM  RESULT 
5  *******  SPC(  5)1  NORMAL 

PRINT  t  PRINT  SPC(  10)8Y0M  APPLICATION"  SPC(  6) 

PRINT  :  PRINT 
FOR  0  ■  1  TO  2 

PRINT  SPC(  6) "CASE  "Q"  RESULTS:" 

PRINT  SPC(  6) "USAGE  RATE  -  "Ml"  MILSS/YR.":  PRINT  SPC(  6) "AAMMH  FA 
CTOR  ■  "E (Q) PRINT  :  PRINT 
PRINT  HDS 
FOR  K  -  1  TO  NO 

6  PRNT,MS (K) ,Fl$t  &  PRNT,H1(K) ,F2S:  A  PRNT,P1 (Q,K) ,F3$:  6  PRNTfB$ (K) 
,F4$»  PRINT  SPC(  3):  PRINT 
NEXT  K 

PRINT  :  PRINT  :  PRINT  "HIT  ANY  NUMERIC  KEY  FOR  NEXT  OUTPUT  PAGE.":  PRI 
:  GET  C:  PRINT  CHRS  (12) 

PRI  1:  PRINT  CHRS  (9)"80N":  PRINT  CHRS  (12):  NEXT  Q 
REM 

FOR  Q  -  3  TO  4 

PRINT  SPC(  6) "CASE  "Q"  RESULTS:" 

PRINT  SPC(  6) "USAGE  RATE  -  "M2"  MILES/YR.":  PRINT  SPC (  6) "AAMMH  FA 
CTOR  -  "F(Q  -  2)".":  PRINT  :  PRINT 
PRINT  :  PRINT 
PRINT  HD$ 

FOR  K  -  1  TO  NO 

6  PRNT, MS (K) ,F1S:  6  PRNT ,H2 (K) ,F2$ :  4  PRNT,P2(Q  -  2,K),F3$:  &  PRNT . B 
S(K),F4S:  PRINT  SPC(  3):  PRINT 
NEXT  K 

PRINT  :  PRINT  :  PRINT  "HIT  ANY  NUMERIC  KEY  FOR  NEXT  OUTPUT  PAGE.":  PRI 
:  GET  Cl  PRINT  CHRS  (12) 

PR#  1:  PRINT  CHRS  (9)"80N":  PRINT  CHRS  (12):  NEXT  Q 
PRINT  SPC(  16)"***  PERSONNEL  REQUIREMENTS  SUMMARY  ***" 

PRINT  :  PRINT  :  PRINT  SPC (  24)SYS"  APPLICATION":  PRINT  SPC(  24) "OR 
G.  UNIT  SIZE  ■  "N"  "SYS"S." 

PRINT  :  PRINT  i  PRINT  :  PRINT  :  PRINT  SPC(  2)"MOS  GROUP"  SPC(  3)"** 
**********  RESULT  ************" 

PRINT  l  FOR  I  -  1  TO  NO 

PRINT  SPC(  6)MS (I)  SPC(  6)f 

IF  PI (2,1)  ■  P2  (1, 1)  THEN  GOTO  4245 

PRINT  "IPERS •  RANGES  BETWEEN  "Pl(2,D"  AND  "P2(l,l)".n:  GOTO  4260 
PRINT  "IPERS .  ■  "PI  (2,1)".  "FT$ 

NEXT  I 

PRINT  :  PRINT  :  PRINT  :  PRINT  :  PRINT  :  PRINT  SPC(  2) "NOTE:  "NC$ 
SPEED-  100:  PRINT  :  PRINT  :  PRINT  :  PRINT  "IF  YOU  WOULD  LIKE  TO  HAVE 
A  COMPARISON  REPORT,  ENTER  1.":  SPEED-  255 
GET  U:  IF  U  -  1  THEN  GOTO  4400 
GOTO  4990 
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REM  COMPARISON  REPORT  PRINT  STATEMENTS  (OPTIONAL) 

PR#  It  PRINT  CHRP  (12) t  PR*  1 

PRINT  CHRP  (9)"80N"l  PRINT  t  PRINT 

PRINT  8PC(  22)"***  COMPARISON  8UMMARY  ***" 

PRINT  I  PRINT  t  PRINT  SPC(  26)SYP"  APPLICATION"!  PRINT  SPC(  26) "BE 
NCHMARK  DATA  SOURCE!  "CSP 
PRINT  t  PRINT  t  PRINT 

IF  NO  >  Nl  THEN  PRINT  S IP "MORE "S 20; I  PRINT  CS0".w 

IP  NO  <  Nl  THEN  PRINT  SIP "FEWER" 8 2$ j I  PRINT  CS$".n 

PRINT  t  PRINT 

PRINT  "  MOS  GROUP"  SPC (  12)CSP"  VALUE  IN  EMRBM  INTERVAL?" 

PRINT 

FOR  J  ■  1  TO  Nl 

PRINT  SPC(  6)C1(J)  SPC(  24)LLp (J) | 

IF  CV(J)  «  1  THEN  PRINT  "  "Y1S 

IF  CV(J)  -  2  THEN  PRINT  "  "Y20 

IF  CV(J)  <  ■  >  1  AND  CV(J)  <  ■  >  2  THEN  PRINT  "  "t  PRINT 

NEXT  J 

PRINT  CHRP  (12) 

RETURN 


RUM 


Ml  TANK-RELATED  PARAMETER  INPUT  SECTION 


BNTBR  UPPER  AND  LOWER  BOUNDS  FOR 
Ml  TANK  USAGE  RATE. 

LOWER  BOUND  •  7800 
UPPER  BOUND  -  71200 


ENTER  UPPER  AND  LOWER  BOUNDS  FOR 
AAMMH  FACTOR. 

LOWER  BOUND  ■  72200 
UPPER  BOUND  "  72800 


ENTER  ANTICIPATE^  NO.  OF  Ml  TANKS 
PER  ORGANIZATIONAL  UNIT. 758 


- NOW  CALCULATING  REQUIREMENTS.  - 
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******  emrem  results  ****** 

Ml  TANK  APPLICATION 

CASE  1  RESULTS i 

USAGE  RATE  ■  800  MILES/YR. 

AAMMH  FACTOR  *  2200. 

•  i 


MOS 

AMMH 

IPBR8 . 

BASELINE  SYS 

63 

91872.00 

41 

MBT-70 

41 

10672.00 

5 

MBT-70 

31 

13090.83 

6 

M60A3 

44 

1243.52 

1 

M60A3  , 

4S 

35607.36 

16 

M60A1 

54 

2320.00 

1 

M60A1 

76 

238.96 

1 

M60A3 

HIT  ANY  NUMERIC  KEY  FOR  NEXT  OUTPUT  PAGE 


CASE  2  RESULTS t 

USAGE  RATE  «  800  MILES/YR 

AAMMH  FACTOR  *  2800. 


MOS 

AMMH 

IPERS. 

BASELINE  SYS 

63 

91872.00 

32 

MBT-70 

41 

10672.00 

4 

MBT-70 

31 

13090.83 

5 

M60A3 

44 

1243.52 

1 

M60A3 

45 

35607.36 

12 

M60A1 

34 

2320.00 

1 

M60A1 

76 

238.96 

0 

M60A3 

HIT  ANY  NUMERIC  KEY  FOR  NEXT  OUTPUT  PAGE 


CASE  3  RESULTS  t 

USACE  RATE  -  1200  MILES/YR. 

AAMMH  FACTOR  -  2200. 


NOS 

AMMH 

fPERS . 

BASELINE  SYS.. 

63 

137808.00 

62 

MBT-70 

41 

16008.00 

7 

MBT-70 

31 

19636.25 

9 

M60A3 

44 

1865.28 

1 

M60A3 

45 

53411.04 

24 

M60M 

54 

3480.00 

2 

M60A1 

76 

358.44 

1 

MG0A3 

HIT 

ANY  NUMERIC 

KEY  FOR 

NEXT  OUTPUT  PAGE 
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CASE  4  RESULTS: 

USAGE  RATE  -  1200  MILES/YR. 
AAMMH  FACTOR  »  2800. 


MOS 

AMMH 

IPERS. 

BASELINE  SYS 

63 

137808.00 

49 

MBT-70 

41 

16008.00 

6 

MBT-70 

31 

19636.25 

7 

M60A3 

44 

1865.28 

1 

M60A3 

45 

53411.04 

19 

M60A1 

54 

3480.00 

2 

M60A1 

76 

358.44 

1 

M60A3 

HIT  ANY  NUMERIC  KEY  FOR  NEXT  OUTPUT  PAGE 


***  PERSONNEL  REQUIREMENTS  SUMMARY  *** 


Ml  TANK  APPLICATION 

ORG.  UNIT  SIZE  -  58  Ml  TANKS. 


MOS  GROUP  ************  RESULT  ************ 


63 

IPERS. 

RANGES, 

BETWEEN 

32 

AND 

62. 

41 

IPERS. 

RANGES 

BETWEEN 

4 

AND 

7. 

31 

IPERS. 

RANGES 

BETWEEN 

5 

AND 

9. 

44 

IPERS. 

n  1. 

(SEE  NOTE 

.) 

45 

IPERS. 

RANGES 

BETWEEN 

12 

AND 

24. 

54 

IPERS. 

RANGES 

BETWEEN 

1 

AND 

2. 

76 

IPERS. 

RANGES 

BETWEEN 

0 

AND 

1. 

NOTE:  IPERS.  INSENSITIVE  TO  USAGE  RATE,  AAMMH  FACTOR  RANGE  LIMITS. 


IF  YOU  WOULD  LIKE  TO  HAVE  A  COMPARISON  REPORT,  ENTER  1 


***  COMPARISON  SUMMARY  *** 


Ml  TANK  APPLICATION 

BENCHMARK  DATA  SOURCE:  FY  82  AMIM 

NOTE:  EMREM  PREDICTED  MORE  RELEVANT  MOS  GROUPS  THAN  FY  82  AMIM. 

MOS  GROUP  FY  82  AMIM  VALUE  IN  EMREM  INTERVAL? 

63  NO  (EMREM  LOWER  BOUND  TOO  HIGH.) 


41 


NO  (EMREM  LOWER  BOUND  TOO  HIGH.) 


I 

I 


I 

1 


i 


APPENDIX  D 

OVERVIEW  OP  APTITUDE  CLUSTER  DEFINITIONS 


m 


R 


I 

1 

H 

H 
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This  study  has  involved  the  development  of  methodologies* for 
estimating  the  long-term  supply  of  manpower  and  the  demand  for 
military  enlisted  manpower.  In  order  to  ultimately  relate  the 
projected  manpower  supply  to  the  projected  manpower  demand/  a 
mechanism  for  translating  these  estimates  into  common  terms  was 
necessary.  This  mechaniim  is  the  Aptitude  Cluster.  The  Aptitude 
Cluster  is  intended/  at  an  aggregate  level/  to  represent  those 
characteristics  and  capabilities  identified  as  "necessary"  for 
the  performance  of  particular  military  jobs/  by  each  of  the 
Services.  It  reflects  the  common  relationships  (i.e./  similarity 
of  aptitude  requirements  based  on  combinations  of  subtests)  of 
aptitude  composites  among  the  Services.  As  such/  the  Aptitude 
Cluster/  as  opposed  to  the  aptitude  composite/ ■  is  non-Service 
specific.  The  cluster  represents  the  common  characteristics 
shared  by  several  composites. 

Given  the  ability  to  relate  Services'  aptitude  composites  to 
each  other  and  to  represent  them  at  a  more  aggregate  level/  it  is 
possible  to  translate  weapon  system-specific  manpower  require¬ 
ments  to  the  related  Aptitude  Cluster.  In  this  translation/  the 
distinctions  which  are  made  at  the  Service  level  among  occupa¬ 
tions  are  blurred/  so  that  those  occupations  which  use  the  same 
"types"  of  people  are  collectively  represented  as  a  single  "type" 
of  requirement.  Conceivably/  within  the  Services  as  well  as 
among  the  Services/  competition  occurs  for  "types"  of  people  to 
support  specific  occupational  requirements. 


The  Aptitude  Clusters  can  also  be  applied  to  the  manpower 
supply  projections  as  a  mechanism  for  tailoring#  or  character¬ 
ising#  the  projected  population*  This  is  necessary  in  order  to 


add  another  dimension  to  the  population#  the  distribution  of 
those  capabilities  which  the  population  may  have  and  which  the 
Services  need  in  their  apprentices.  In  this  use#  the  Aptitude 
Clusters  are  used  in  conjunction  with  historic  ASVAB  scoring  data 
to  show  the  overall  distribution  of  aptitudes  in  the  projected 
population* 

Given  the  aggregate  nature  of  the  Aptitude  Clusters#  it  was 
necessary  to  identify  the  characteristics  common  among  the 
Services'  composites.  The  distribution  and  variety  of  subtest 
combinations  clearly  indicated  that  the  subtest  level  of  detail 
was  not  a  functional  level  at  which  to  identify  common  character¬ 
istics.  Initial  examination  and  review  for  discussion  of  the 
content  of  the  subtests  indicated  that  it'  was  possible  to  group 
the  subtests.  This  grouping  is  based  on  the  similarity  of  the 
knowledge  groups  the  subtests  are  addressing.  There  are  two 
studies  which  have  statistically  analyzed  these  relationships.^ 

Pour  groups  of  subtests  were  used* 

e  Nath#  composed  of  Arithmetic  Reasoning  (AR)  and  Math 
Knowledge  (MK)j 

e  Speed#  composed  of  Numerical  Operations  (NO)  and  Coding 
Speed  (CS)» 


1/  Dr.  Darrell  Bock  of  the  University  of  Chicago  has  studied  these 
relationships  using  the  1980  "Profile  of  American  ¥outh"  data. 
The  Army  Research  Institute  analysis  is  documented  in  "Factor 
Structure  of  the  Armed  Services  Vocational  Aptitude  Battery 
(ASVAB),  Forms  8#  9  and  10 t  1981  Army  Applicant  Sample." 
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•  Verbal#  composed  of  Paragraph  Comprehension  (PC),  Word 
Knowledge  (WK),  and  General  Soience  (GS)>  and 

•  Technical/  composed  of  Electronic  Information  (EX), 
Mechanical  Comprehension  (MC),  and  Automotive  Shop  (AS). 

The  relationships  identified  in  the  Profile  of  American  Youth 
data  were  selected  since  they  are  based  on  the  same  data  base  used 
in  developing  MCR's  manpower  supply  projections.  The  Services' 
aptitude  composite/subtest  combinations  were  arrayed  according 
to  these  subtest  groupings  and  are  shown  in  Exhibit  D-l, 

As  noted  earlier/  all  four  Services  have  three  composites 
which  are  structurally  composed  of  the  same  set  of  subtests  and 
are/  therefore,  common  to  all.  These  are  the  General,  Adminis¬ 
trative/Clerical  and  Electronics  composites.  Using  the  subtest 
grouping  approach,  it  can  be  seen,  however,  that  there  are  addi¬ 
tional  cases  of  common  characteristics.  Since  the  subtests  are 
grouped,  these  common  relationships  are  based  on  the  combination 
of  subtests  in  a  group.  Therefore,  although  one  composite  may 
use  one  subtest  in  a  group,  and  another  composite  may  not  use  the 
first  subtest  but  does  use  another  subtest  in  the  same  group,  the 
two  composites  are  considered  related.  Based  on  this  analysis  of 
subtest  selections  by  group,  all  of  the  composites  have  been 
related  to  each  other  and  assigned  to  a  cluster. 

As  discussed  earlier,  some  analytical  judgement  has  been 
used  in  defining  and  assigning  the  Navy  composites.  Analysis  at 
the  subtest  level  assigned  a  number  of  very  skilled  electronics 


Exhibit  D— 1.  RELATIONSHIP  OF  APTITUDE  COMPOSITES  TO  APTITUDE  CLUSTERS 


occupations  to  the  Navy  Skilled  Technical  and  Electronics  com- 
positasr  although  structurally  they  were  not  quite  compatible. 
Analysis  according  to  subtsst  groups  allowed  £or  the  splitting 
out  o£  these  occupations  into  a  separate  compos its »  called  here 
General  (Electronics). 

In  addition  to  combinations  o£  subtests,  aptitude  composites 
are  also  defined  by  the  minimum  combined  scores  required  to 
qualify  .for  occupations  (i.e.,  training)  in  the  composite,  within 
the  composite,  individual  occupations  are  assigned  minimum 
required  scores.  In  order  to  determine  the  proportion  o£  the  • 
population  qualifying  in  each  aptitude  composite,  it  was  neces- 
sary  to  select  criteria  for  this  qualification.  A  minimum  com¬ 
bined  score  was  identified  for  each  aptitude  composite  based  on 
analysis  of  the  occupation  qualification  scores  used  by  each 
Service.  (The  list  of  apprentics  occupations  in  each  Service  by 
Aptitude  Cluster  and  minimum  score  is  included  in  the  MCR  Report 
Aptitude  Content  of  the  Non-Prior  Service  Youth  and  Enlisted 
Apprentice  Populations!  1982-2010,  TR-8217-2,  Appendix  C. )  In 
those  cases  where  large  differences  exist  in  the  minimum  combined 
score  requirements  for  groups  of  occupations  in  a  composite,  the 
composite  was  restructured  for  this  analysis  to  reflect  this.  Thus 
the  Navy /General  (Basic)  and  Navy /General  (Electronics)  compos¬ 
ites  belong  to  the  same  cluster,  based  on  the  analysis  of  their 
subtest  requirements.  However  they  are  different  composites,  not 
only  due  to  differences  in  subset  combinations,  but  also  due  to 
the  large  differences  in  the  score  requirements.  A  single  mini¬ 


mum  combined  score  was  determined,  based  on  analysis  of  the 


overall  bottom  end  of  the  score  range,  for  each  service  composite 
in  each  cluster*  These  are  shown  in  Exhibit  D-2.  These  combina¬ 
tions  of  subtests  and  scores,  expressed  as  individual  composites 
and  as  cluster  qualification  scores,  were  used  as  the  basis  for 
refining  the  population  projections  of  the  non-prior  service 
youth  (17-21  years  old)  and  the  military  enlisted  apprentice 
populations. 

In  order  to  develop  the  aptitude  composite  and  cluster 
qualification  rates  for  the  NPS  youth  and  enlisted  apprentice 
populations,  the  definitions  of  the  composites  and  clusters  were 
applied  to  three  data  bases.  The  Profile  of  American  Youth  study 
was  used  to  represent  NPS  youth,  also  referred  to  here  as  the 
civilian  population.  The  enlisted  apprentice  rates  were  devel¬ 
oped  from  analysis  of  the  FY81  and  FY82  military  accession  data 
bases.  The  composite  and  cluster  qualification  definitions  were 
applied  to  these  data  bases  through  a  two-step  process  to  produce 
the  qualification  rates  used  in  the  third  part  of  the  PROMANSA 
mode 1 . 

In  the  first  step,  the  test  results  in  the  three  data  bases 
were  reviewed  to  determine  if  the  individuals  in  the  selected  age 
groups  met  the  minimum  combined  score  requirements  in  each 
composite.  Based  on  this  analysis,  composite  qualification  rates 
were  developed  for  the  NPS  youth  and  enlisted  apprentice 
populations. 

In  the  second  step,  the  Aptitude  Cluster  qualification  rates 
were  developed.  Within  each  cluster,  there  may  be  more  than  one 
combination  of  subtests  making  up  the  various  composites  in  the 
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cluster.  In  order  to  determine  the  qualification  rates  for  the 
seven  clusters#  it  was  necessary  to  determine  if  individuals 
qualified  in  any  one  of  the  different  combinations  of  subtests 
included  in  the  cluster*  Seventeen  unique  subtest  combinations 
were  identified  within  the  26  composites.  These  17  combinations 
were  used  to  determine  the  cluster  qualification  rates.  For 
example#  in  order  to  qualify  for  the  Technical  cluster#  an 
individual  could  qualify  in  any  one  of  six  ways.  The  arrows  in 
Exhibit  D-2  show  the  17  subtest  combinations  used  to  develop  the 
Aptitude  Cluster  qualification  rates* 


Two  points  of  concern  have  been  raised  about  the  Array's 
Manpower  Authorization  Standards  and  Criteria  (MACRIT) .  First, 
MACRIT  estimates  of  manpower  requirements  are  based  on  the  use  of 
a  single  value  for  the  annual  available  productive  manhour  factor 
(AAFMH).  The  second  point  that  concerns  MACRIT  manhour  require¬ 
ments  values  for  main  battle  tanks  (MBT)  centers  on  assumed  MBT 
usage  rates.  While  both  of  these  concerns  will  be  addressed  by 
the  new  MARC  system,  the  use  of  older  MACRIT  studies  required  the 
consideration  of  these  issues . 

In  this  application  of  EMREM  to  the  Ml  MBT,  the  first  point 
was  accommodated  through  the  use  of  a  range  of  AAFMH  values 
instead  of  a  single  value.  The  second  point  is  more  complex  and 
deserves  careful  consideration.  The  total  MACRIT  manhour 
requirements  for  those  MOSs  involved  with  MBT  maintenance  in  a 
wartime  environment  seem  to  be  reasonable  estimates.  However, 
the  MACRIT-assumed  usage  rate  of  1,000  miles  per  year  per  tank 
does  not  appear  to  be  representative  of  MBT  usage  in  most  wartime 
scenarios.  A  value  of  3,000  miles  per  year  is  a  more  widely  held 
value  for  an  MBT  wartime  usage  rate.  This  appendix  examines  the 
implications  of  this  latter  observation. 

As  mentioned,  the  MACRIT  annual  maintenance  manhour  require¬ 
ments  seem  representative  of  MBT  maintenance  manhour  requirements 
during  wartime.  However,  the  assumed  usage  rate  is  about  one 
third  what  would  bs  expected  to  prevail  in  the  same  environment. 
Thus,  MACRIT  manhour  requirements  per  mile  of  MBT  usage  may,  in 
fact,  be  inflated  to  three  times  their  "true"  value. 

To  examine  the  implications  of  this  situation,  the  EMREM 
below  depot  level  maintenance  manpower  requirements  were  recal¬ 
culated  with  the  input  data  modified  so  as  to  reflect  the 


"corrected"  MBT  usage  rate.  Two  values  for  usage  rate  for  the 
new  system  were  assumed* 


e  1,000 

miles  per  year. 

roughly  representative  of 

peace- 

time 

MBT  utilization, 

and 

•  3,000 

miles  per  year. 

a  wartime 

MBT  usage  rate. 

The 

results  of 

these  calculations  are  presented  in  Exhibit 

E-l. 

"WARTIME"  REQUIREMENTS 

"peacetime;"  requirements 
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63 

33 

51 

11 

17 

76 

0 

1 

0 
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Exhibit  E-l.  WARTIME  AND  PEACTIME  ESTIMATES  OF  BELOW  DEPOT 
LEVEL  MAINTENANCE  MANPOWER  REQUIREMENTS. 

The  results  shown  in  Exhibit  E-l  are  consistent  with  prior 
intuition.  The  so-called  peacetime  personnel  requirements  for 
the  58  tank  batallion  are  significantly  less  than  the  "wartime" 
requirements;  for  this  illustration,  the  difference  is  primarily 
due  to  the  wartime  annual  usage  rate  being  three  times  the 
peacetime  annual  usage  rate.  Note,  however,  that  the  personnel 
requirements,  for  a  given  AAPMH  factor,  are  not  consistently 
three  times  greater  during  a  wartime  operating  tempo.  Rather, 
the  differences  in  the  personnel  requirements  estimates  reflect  a 
combination  of  differing  usage  rates  and  the  results  of  the 


I 

conventions  adopted  for  rounding  the  personnel  estimates  to 
integer  values. 

These  results  are  presented  to  illustrate  the  potential 
impact  on  manpower  requirements  of  variations  between  operating 
tempos  such  as  those  that  would  likely  occur  when  moving  between 
wartime  and  peacetime  scenarios.  The  assumptions  imposed  so  as 

t 

to  obtain  the  above  results  are  rather  restrictive)  a  more 
rigorous  investigation  of  the  consequential  change  in  peacetime 
manpower  requirements  of  imposing  a  wartime  operational  scenario 
would  require  further  investigation  into  at  least  two  areas i 

e  productive  manhour  availability  under  peacotime  and 
wartime  scenarios  (AAPMH  values  need  not  remain  the 
same  under  both  scenarios);  and 

e  once  again,  the  translation  of  a  given  usage  rate 

parameter  into  factors  by  which  to  scale  all  personnel 
requirements  (in  order  to  reflect  varying  operating 
tempos ) . 

Such  studies  would  be  useful  for  programming  peacetime  and 
(predicting),  wartime  weapon  system  personnel  requirements 
throughout  the  weapon  system  life  cycle. 
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